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For  the  purpose  of  securing  the  benefits  of  closer  union  and  the  advancement  of 
mutual  interests,  the  Engineering  Societies  and  Clubs  hereunto  subscribing  have 
agreed  to  the  following 

ARTICLES  OF  ASSOCIATION. 

ARTICLE   I. 

Name  and  Object. 
The  name  of  this  Association  shall  be  "  The  Association  of  Engineering  Socie- 
ties.'"   Its  primary  object  shall  be  to  secure  a  joint  publication  of  the  papers  and 
transactions  of  the  participating  societie.s. 

ARTICLE   II. 

Organization. 

Sec.  1.  The  affairs  of  the  Association  shall  be  conducted  by  a  Board  of  Mana- 
gers, under  such  rules  and  by-laws  as  they  may  determine,  subject  to  the  specific 
conditions  of  these  articles.  The  Board  shall  consist  of  one  representative  from 
each  society  of  one  hundred  members  or  less,  with  one  additional  representative 
for  each  additional  one  hundi-ed  members,  or  fraction  thereof  over  fifty.  The 
members  of  the  Board  shall  be  appointed  as  each  society  shall  decide,  and  shall 
hold  office  until  their  successors  are  chosen. 

Sec.  3.  The  officers  of  the  Board  shall  be  a  Chairman  and  a  Secretary,  the  latter 
of  whom  may  or  may  not  be  himself  a  member  of  the  Board. 

ARTICLE  III. 

Duties  of  Officers. 

Sec.  1.  The  Chairman,  in  addition  to  his  ordinary  duties  shall  countersign  all 
bills  and  vouchers  before  payment,  and  present  an  annual  report  of  the  transac- 
tions of  the  Board  ;  w'hich  report,  together  with  a  synopsis  of  the  other  general 
transactions  of  the  Board  of  interest  to  members,  shall  be  published  iu  the  Journal 
of  the  Association. 

Sec.  2.  The  Secretary  shall  be  the  active  business  agent  of  the  Board  and  shall 
be  appointed  and  i-emoved  at  its  pleasure.  He  shall  receive  a  compensation  for 
his  services,  to  be  fixed  from  time  to  time  by  a  two-thirds  vote.  He  shall  receive 
and  take  care  of  all  manuscript  copy  and  prepare  it  for  the  press,  and  attend  to 
the  forwarding  of  proof-sheets  and  the  proper  printing  and  mailing  of  the  publi- 
cations. He  shall  have  power,  with  the  approval  of  any  one  member  of  the  Board, 
to  return  manuscript  to  the  author  for  correction  if  in  bad  condition,  illegible,  or 
otherwise  conspicuously  deficient  or  unfit  for  publication.  He  shall  certify  to  the 
correctness  of  all  biUs  before  transmitting  them  to  the  Chairman  for  counter-sig- 
nature. He  shall  receive  all  fees  and  moneys  paid  to  the  Association,  and  hold 
the  same  under  such  rules  as  the  Board  shall  prescribe. 

ARTICLE.    IV. 

Publications. 

Sec.  1.  Each  society  shall  decide  for  itself  what  papers  and  transactions  of  its 
own  it  desires  to  have  published,  and  shall  forward  the  same  to  the  Secretary. 

Sec.  2.  Each  society  shall  notify  the  Secretary  of  the  minimum  number  of 
copies  of  the  joint  publications  which  it  desires  to  receive,  and  shall  furnish  a 
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mailing-list  for  the  same  from  time  to  time.  Copies  ordered  by  any  society  may 
be  used  as  it  shall  see  fit.  Payments  by  each  society  shall  in  general  be  in  pro- 
portion to  the  number  of  copies  ordered,  subject  to  such  modification  of  the  same  as 
the  Board  of  Managers  may  decide,  by  a  two-thirds  vote,  to  be  more  equitable. 
Assessments  shall  be  quarterly  in  advance,  or  otherwise,  as  directed  by  the  Board  _ 

Sec.  3.  The  publications  of  the  Association  shall  be  oijen  to  public  subscriiition 
and  sale,  and  advertisements  of  an  appropriate  character  shall  be  received, 
under  regulations  to  be  fixed  by  the  Board. 

Sec.  4.  The  Boai-d  shall  have  authority  to  print  with  the  joint  publication 
such  abstracts  and  translations  from  scientific  and  professional  journals  and 
society  transactions  as  may  be  deemed  of  general  interest  and  value. 

ARTICLE   V. 

Conditions  of  Participation. 

Sec.  1.  Any  Societ}''  of  Engineers  may  become  a  member  of  this  Association 
by  a  majoi-ity  vote  of  the  Board  of  Managers,  upon  payment  to  the  Sec-retary  of 
an  entrance  fee  of  fifty  cents  for  each  active  member,  and  certifying  that  these 
Articles  of  Association  have  been  duly  accepted  by  it.  Other  technical  oi'gani- 
zations  maj'  be  admitted  by  a  two-thirds  vote  of  the  Board,  and  payment  and 
subscrii^tion  as  above. 

Sec.  3.  Any  society  may  witbdi-aw  from  this  Association  at  the  end  of  any 
fiscal  year  bj^  giving  three  months'  notice  of  such  intention,  and  shall  then  be  en- 
titled to  its  fair  proportion  of  any  surplus  in  the  treasury,  or  be  responsible  for 
its  fair  proportion  of  any  deficit. 

Sec.  3.  Any  society  may,  at  the  pleasure  of  the  Board,  be  excluded  from  this 
Association  for  non-payment  of  dues,  after  thirty  days'  notice  from  the  Secretary 
that  such  payment  is  due. 

ARTICLE   VI. 

Amendments. 
These  articles  may  be  amended  by  a  majority  vote  of  the  Board  of  Managers, 
and  subsequent  approval  by  two-thirds  of  the  participating  societies. 

ARTICLE   VII. 

Time  of  Going  into  Effect. 
These  articles  shall  go  into  effect  whenever  they  shall  have  been  ratified  by 
three  societies,  and  members  of  the  Board  of  Managers  appointed.     The  Board 
shall  then  proceed  to  organize,   and  tlie  entrance  fee  of  fifty  cents  per  member 
shall  then  become  paj^abJe. 


Editors  reprinting  articlfs  from  tltisjaurmil  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 


THE  CREEPING  OF  RAILS  ON  THE  ST.  LOUIS  BRIDGE. 


By  J.  B.  .ToHxsoN,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  October  23,  1884.]         ^ 

There  is  an  iuterestiug  ijlieuomenon  connected  with  the  operating  of 
the  Sfc;  Louis  Bridge,  a  satisfactory  explanation  of  wliich  has  never  conie 
to  the  writer's  notice,  and  a  safe  means  of  preventing  which  has  not  yet 
been  found.  The  object  of  this  paper  is  to  describe  the  action,  to  offer  an 
explanation  of  the  cause,  and  to  suggest  a  remedy. 

The  phenomenon  consists  in  a  movement  of  the  rails,  forming  the 
track,  of  about  a  foot  a  day.  This  movement  is  always  in  the  direction 
of  the  traffic.  It  being  a  double  track  bridge,  the  traffic  over  the  north 
track  is  always  west-bound,  while  that  over  the  south  track  is  always 
east-bound.* 

The  creeping  is  confined  to  the  bridge  proper  and  to  the  eastern 
approach,  which  is  a  series  of  short  girders  on  iron  columns.  The 
approach  is  on  a  grade  of  80  feet  per  mile  and  is  2,500  feet  long.  The 
tracks  are  crowning  over  the  bridge,  which  is  1,600  feet  long,  the  grade 
at  the  centre  being  ."3  feet  higher  than  at  the  abutments. 

The  amount  of  the  creeping  is  greatest  on  the  approach,  being  for  the 
year.  Sept.  1.  1883.  to  Sept.  1,  1884,  in  the  ratio  of  162  to  100.  The  ratio 
of  the  corresponding  distances  is  approxiiiiately  156  to  100. 

Various  methods  have  been  employed  to  hold  the  rails  in  place,  but 
never  with  success.  Steel  spikes,  bolts,  straps  and  splice  bai*s  have  been 
sheared  off  and  torn  asunder  ;  frogs,  crossings  and  connecting  tracks  in 
East  St.  Louis  pulled  out  of  line,  and  the  rails  themselves  so  buckled  and 
twisted  that  when  one  was  removed  it  could  not  have  been  replaced 
again  by  eight  inches.  Finally  it  was  no  longer  considered  profitable  to 
try  to  hold  them,  for  if  they  should  succeed  in  holding  them  to  the  struc- 
ture then  these  great  strains  would  then  come  upon  it,  and  this  would  be 


*  This  is  sometimes  reversed  to  overco-ne  a  tendency  the  arches  have  to  take  on  a 
distorted  shape,  in  which  the  crown  of  the  curve  is  moved  away  from  tlie  centre  in  the 
direction  of  the  traffic. 
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more  objectionable  tliati  to  leave  them  free  to  move  and  correct  it  con- 
:stantly  by  cutting  out  and  replacing. 

There  is  no  creeping  in  the  tunnel,  though  tlie  traffic  remains  in  a 
single  direction,  as  the  double  track  extends  through  to  the  Union  depot. 

Provision  is  now  made  tor  this  movement  at  three  points  on  each 
tra(^k.  viz.:  at  the  entrance  upon  the  east  approach,  at  the  east  abutment, 
:\n(\  at  the  west  abutment.  On  the  north  track,  since  the  rails  go  west, 
iipenings  are  constantly  i-nlarging  at  the  approach  and  closing  at  the 
west  abutment.  On  the  south  track  the  rails  go  east,  so  the  openings  are 
enlarging  at  the  west  abutment  and  closing  at  the  approach.  "Where  the 
openings  are  enlarging,  short  pieces  of  rail  are  taken  out  and  longer  ones 
put  in  their  place,  and  where  they  are  closing  up,  longer  ones  are  removed 
and  shorter  ones  inserted.  This  has  to  be  done  many  times  a  day  ateat^h 
point  wlu>re  the  rails  are  cut.  On  account  of  the  switches  located  at  the 
east  abutment,  it  is  necessary  to  have  cut  sections  each  side  of  these,  mak- 
ing f«mr  places  on  each  rail  where  this  movement  has  been  provided  for. 
Every  second  day  the  foreman  in  charge  of  the  day  s(|uad  measures  the 
movement  that  has  <K'(urred,  on  both  approach  and  bridge,  and  keeps  a 
careful  record  of  the  same.  The  monthly  movements  are  copied  into 
th(^  reports  and  are  on  file  in  the  offices  of  Mr.  Wuerpel,  the  Superin- 
f<'mlent  of  Structure,  and  of  Col,  C.  Shaler  Smith,  the  engineer  of  the 
bridge  (-omiiany.  In  these  monthly  reports,  the  movement  of  a  given 
rail  on  the  approach  is  added  to  its  movement  on  the  t)ridge.  thus  show- 
ing tlie  work  done  in  splicing  on  tiiat  rail  :  but  these  amoutus  must  be 
yepaiMted  again  foi'  any  discussion  of  these  movements.  In  Table  1.  the 
i\mounts  were  copied  directly  from  tlie  foremen's  note  books,  and  the 
true  movements  ke])t  distinct. 

TABLK  I. 

MDVEMKNT    OK    R\ILS    ON    THE    ST.    LOUIS    URIUUK    AND    AI'IMIOACII. 


Month. 


1HM3. 
tie^pteniher. 
i  >ftoher 
November 
l)t>c«'iiihei". 

1H84. 
Jaiuiary..  . 
February. . 

March 

April 

May 

June 

nly 

August 


Year. 


Approach  (2,500  ft.) 

Bridge  (1,600  ft.). 

Ratio: 

Ratio : 

N .  traok. 

S.  track. 

AMean 

N.  track. 

S.  track. 

Mean 

north 

nortli 

(VVe.st.) 

(East.) 

track 

(West.) 

(East.) 

track 

Mean 
south 

Moan 

SOUtll 

IN.rail. 

S.rail. 

N.rail. 

S.rail. 

track. 

N.rail. 

S.rail. 

N.rail. 

S.rail. 

track 

In. 

In. 

In. 

In. 

In. 

In. 

lu. 

In. 

■AS2 

.•JS8 

:\H2 

380 

.99 

1     248 

2.50 

227 

227 

1.10 

408 

410 

434 

446 

.98 

234 

230 

229 

228 

1.02 

:{90 

300 

400 

400 

.97 

1     270 

270 

234 

224 

1.20 

404 

408 

430 

434 

.5)4 

1     272 

278 

240 

244 

1.14 

;j<)8 

400 

410 

402 

.96 

284 

282 

247 

247 

1.15 

:m)0 

.•«io 

403 

401 

.97 

26(i 

271 

241 

241 

1.11 

:J90 

.•588 

■100 

400 

.97 

240 

231 

234 

234 

1.01 

;{94 

:ii>:! 

407 

411 

.90 

;J3J) 

2;)8 

241 

242 

.99 

408 

410 

413 

4Q9 

1.00 

1     297 

283 

263 

248 

1.14 

,     401 

:{9J) 

420 

421 

.95 

1     209 

268 

265 

257 

1.05 

t   *o? 

404 

41G 

400 

.99 

2(iG 

231 

'*?2 

222 

1.12 

41)5 

437 
In. 

447 
In. 

446 
In. 

.98 

280 

284 

263 

259 

1.09 

1    In. 

In. 

In. 

In 

In. 

!  48U6 

4817 

49(>.> 

497(1 

.97 

3211 

3119 

2886 

2873 

l.OSHJ 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

j     400 

401 

414 

415 

268 

260 

240 

239 
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TABJ.K  II. 
TRAKKIO  OVER  THE  ST.  LOUIS    BRIDCiK  FOR  ONE    YEAR. 


)88B. 

September 

October 

November 

December 

1884. 

•January  

Kebruary 

March 

April 

May 

June 

July 

August 

Total  for  year 


1 

1 

to 

i 

1 

+j 

s 

<u 

is 

is 

is 

a; 

2 

? 

U 

C8 

S 
o 

tl 

u 

o 

O 

S3 

a> 

a 

•a 

a 

ja 

S-o 

St 

a 

ja 

StS 

s> 

1     a 

ctl 

to 

a 

o. 

5 

il 

s 

B, 

6 

o 

oX 

6  5 

o 

oii 

OS 

O 

•A 

i\ 

5,S5.5 

0,8.94 

4,893 

9,104 

3,939 

S', 

2,071 

3,071 

4,9.')2 

1,950 

1,«50 

4,058 

a,7;<2 

5,(i78 

5,615 

1„522 

5,(190 

2,140 

2.146 

4,501 

ii,.'ii(( 

4,(176 

9,(181 

1,789 

4,744 

2,101 

2,104 

5,920 

5,849 

4,770 

7,878 

:i,:i6:{ 

4,828 

a.24.-> 

)i,nri 

(l,0!17 

8,!'27 

1.747 

10,9!  14 

2,:i09 

4,798 

1,!;76 

1,»7« 

5,720 

7,119 

4,258 

8,15K 

4,:nH 

4,275 

2,101 

2,101 

7,-ltl(S 

(i,7tK) 

1,792 

H,:!l(i 

4,4.55 

4,839 

1. (»!>() 

1 ,990 

t!,2!t7 

ti,09l) 

•t,74l 

«,5;{'t 

4,485 

4,754 

2,110 

2,140 

li,«5;j 

5,:}75 

4.i):)H 

6,057 

4,482 

4,9(!5 

8,10il 

2,1(9 

0,:i22 

r),7f7 

4,9110 

7,198 

4,.S28 

5,017 

2,11H 

2,14S 

5,958 

5,971 

5,nH 

7.r>27 

4,707 

5, 125 

2,i:w 

2,138 

5,797 

0,«7!} 

5,00(i 

9,21.S 

3,653 

5,024 

25,118 

2'.,118 

70,853 

75,90.'} 

58,6."53 

97,474 

43,345 

59,011  4 

403,200  487,700 

336,800  359,900 

302,300  463,000 

.996,000  427,600 


449,200 
388,900 
445,500 
402,400 
405,100 
410,200 
401,800 
405,100 


4,806,500 


508,900 
427,700 
449,600 
:«M,700 
441,000 
429,800 
437,700 
472.200 


5,282,800 


1.16 
1.07 
1.28 


1.13 
1.10 
1.01 
.98 
1.09 
1.04 
1.09 
l.Ki 


1.099 


Table  11.  is  compiled  from  the  records  on  file  in  the  offices  of  the  Mana- 
ger and  Superiufcendent  of  the  bridge.  The  tonnage  has  been  computed 
by  allowing  80,000  lbs.  as  the  weight  of  an  engine,  55,000  lbs.  as  the 
weight  of  a  loaded  car,  18,000  lbs.  as  the  weight  of  an  empty  freight  car 
(they  are  largely  coal  cars),  and  40,000  lbs.  as  the  weight  of  a  passenger 
car  with  its  ordinary  load.  Tlie  engine  weight  was  furnished  by  tlic 
Master  Mechanic  and  the  otlier  values  are  the  estimates  of  the  officials  of 
the  company.  From  th«'  total  luoveinent  for  the  year.  Table  1.,  we  Juivc; 
the  following  relations  : 

The  ratios  of  the  movement  on  the  approach  to  that  of  the  same  rail  on 
the  bridge  are  respectively:  1.49,  1.54,  1.72  and  1.73,  or  an  average  of 
l.<)3.  The  ratio  of  the  corresponding  lengtiis  of  track  is  1.56.  The  mean 
westward  movement  for  the  year  on  the  approach  (uji  a  grade  of  80  ft. 
per  mile)  was  401  feet. 

The  corresponding  eastern  movement  (down  the  same  grade)  was  414 
feet. 

The  mean  westward  movement  on  the  bridg(^  was  304  feet. 

The  mean  eastern  movement  on  tlie  bridge  was  340  feet. 

The  western  movement  on  the  bridge  was  1 10  per  cent,  of  the  eastern 
movement,  while  on  the  approach  the  westward  (up  grade)  movement 
was  only  97  per  cent,  of  the  eastern  movement,  or  a  difference  in  these 
west  to  east  ratios  of  13  per  cent.,  which  is  doubtless  due  to  the  effect  of 
the  heavy  grade  on  the  approach,  the  expansion  and  contraction  from 
temixnature  causing  mostly  a  down-grade  movement. 

From  Table  II.  we  set!  tliat  the  ratio  of  the  westward  to  eastward  ton- 
nage for  the  year  was  1.099,  while  from  Table  I.  we  see  that  the  ratio  of 
the  mean  westward  rail  movement  to  mean  eastward  movement  was  also 
1.099.  This  extreme  coincidence  is  of  course  accidental,  but  if  these  per- 
centages be  compai-ed  month  by  month,  it  will  be  seen  there  is  a  common 
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law  pervading  both.  Here  on  the  bridge  this  ratio  is  not  affected  by  the 
grade,  for  it  is  symmetrical  with  reference  to  the  two  movements.  This 
identity  in  the  ratio  of  the  movements  with  the  ratio  of  the  tonnage  west 
and  east  would  of  itself  lead  us  to  conclude  that  the  movement  is  pro- 
portional to  the  tonnage.  On  the  other  hand,  we  see  that  the  ratio  of 
movement  on  approach  to  that  on  the  bridge  is  1.62,  while  the  correspond- 
ing ratio  of  the  distances  is  about  1.56.  From  this  we  might  infer  that 
the  movement  is  proportional  to  the  length  of  structure.  The  increased 
movement  on  the  approach  maij  arise,  however,  from  more  favorable 
conditions  there  for  movement,  and  the  close  agreement  in  the  ratio  of 
the  movements  on  approach  and  bridge,  with  that  of  their  distances  be 
purely  accidental.  Conclusive  evidence  on  this  point  will  appear  below. 
The  St.  Louis  bridge  is  not  alone  in  this  matter  of  rail  movement.  The 
Pennsylvania  Company  had  trouble  on  their  Harrisburg  bridge*  over  the 
Susquehanna,  while  it  was  still  a  single  track.  The  traffic  was  heavier, 
however,  going  east,  and  the  rails  crept    in  this  direction.     The  exact 


amount  of  the  creeping  was  never  known,  but  the  fact  of  creeping  wa.s 
shown  by  the  displacement  of  the  curves  at  each  end  of  the  bridge,  as 
much  as  four  feet  of  track  bemg  removed  from  one  end  of  the  bridge 
and  replaced  at  the  other  at  one  time.  The  movement  was  stop])ed  by 
the  use  of  a  splice  such  as  is  shown  in  Fig.  1. 

The  splice  is  an  angle  bar  which  projects  over  the  flange  of  the  rail  at 
bottom  and  rests  on  the  tie.  Four  spikes  are  notched  into  the  bottom 
flanges  of  a  set  of  splice  bars,  and  these  are  sufficient  to  keep  the  rail  iu 
place  even  now,  with  the  bridge  changed  to  double  track  and  the  traffic^ 
all  in  one  direction  on  each  track.  The  cause  of  the  efficiency  of  thi- 
device  Mali  be  referred  to  in  discussing  remedies. 

Rails  are  always  observed  to  creep  on  heavy  grades,  but  tliis  is  prob- 
ably mostly  due  to  the  expansion  and  contraction  from  temperature,  and 
is  no  function  of  the  direction  or  amount  of  the  traffic.  In  both  expan- 
sion and  contraction  there  must  be  a  movement  on  the  ties,  and  this 
movement  will  always  be  in  the  direction  of  the  least  resistance.  On 
heavy  grades  of  considerable  length,  the  least  resistance  will  be  toward 
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the  foot  of  the  grade,  and  there  will  be  a  general  movement  in  this  direc- 
"tion.  On  any  line  of  road,  where  the  traffic  is  all  in  one  direction,  thei-e 
IS  always  observed  a  tetuleiic!/  toward  creeping,  all  along  the  line,  in  the 
•direction  of  the  traffic.  The  amount  of  such  creeping  is  usually  small 
and  can  generally  be  resisted. 

An  analagous  action  is  the  creeping  of  bridges  on  their  supports.  A 
-study  of  this  very  plain  case  is  likely  to  throw  considerable  light  on  the 
creeping  of  rails. 

If  a  bridge  have  its  two  ends  similarly  mounted,  whether  both  on 
rollers,  or  both  on  slides,  when  a  train  comes  upon  it  from  the  right,  this 
'end  is  at  once  pinned  fast  by  the  weight  of  the  train,  and  as  the  train 
moves  over  the  bridge  it  causes  a  certain  amount  of  deflection  in  the 
truss.  This  deflection  lengthens  the  bottom  chord  and  shortens  the  top 
■one,  so  that  if  the  truss  is  supported  at  the  bottom  chord,  the  left  end 
moves  to  the  left,  but  if  it  is  supported  at  its  top  chord,  as  deck  bridges 
sometimes  are,  the  left  end  will  move  to  the  right.  I  have  observed  this 
movement  when  it  amounted  to  as  much  as  three-fourths  of  an  inch.  As 
i,he  train  goes  off  the  truss  recovers  its  normal  position,  the  lower  chord 
shortens  up  and  the  upper  one  lengthens  out,  bvit  now  the  left  end  is 
]^iinned  fast  by  the  departing  train  while  the  right  end  is  free  to  move. 
The  recover  will  take  place  at  this  end,  therefore,  so  chat  if  supported  at 
the  bottom  chord  the  truss  is  pulled  forward,  and  if  supported  at  the  top 
chord  it  will  be  moved  backward  by  an  amount  equal  to  the  distortion  of 
The  corresponding  chord.  If  it  is  a  single  track  bridge,  with  traffic 
equal  in  both  directions,  its  movements  will  compensate,  and 
.so  will  not  crawl  off  the  piers.  If  the  traffic  is  unequal,  the 
truss  will  move  in  the  direction  of  the  heavier  traffic  when  supported  at 
lx)ttom,  and  against  the  heavy  traffic  when  supported  at  top.  If  one 
■end  is  on  rollers  and  the  other  anchored  fast  to  the  pier,  then,  of  course, 
i;he  movement  all  occui-s  at  the  roller  end,  regardless  of  the  direction  of 
the  train.  I  have  understood  that  the  Louisville  bridge  moved  north 
from  this  cause  by  some  six  inches,  when  it  was  found  necessary  to 
anchor  one  end  fast  to  the  pier.  All  bridges  will  act  in  this  manner  when 
both  ends  are  treated  alike,  whatever  that  may  be. 

Causes  Assigned  for  the  Creeping  of  Rails  on  the  St.  l.ouis  Bridge. 

Many  causes  have  been  assigned  for  the  creeping  of  x-ails  on  the  St. 
liouis  bridge.  I  will  enumerate  some  of  these,  with  what  I  conceive  to 
be  the  objections  in  each  case.  Some  of  these  assigned  causes  are  the  re- 
sult of  no  study  of  the  facts  in  the  case,  and  like  most  imaginary 
causes  of  hypothetical  phenomena,  they  are  either  not  pertinent  or  not 
sufficient  to  the  case  in  hand. 

1.  That  it  is  due  to  the  grades.  But  the  creeping  is  nearly  as  much 
Tip  grade  as  it  is  down. 

2.  That  it  is  due  to  the  stopping  of  trains  on  a  down  grade.  This  at 
first  appears  plausible,  for  the  trains  generally  are  stopped  on  a  down 
grade  going  west  at  the  west  abutment,  which  would  apparently  pull 
the  rail  in  the  same  direction,  and  this  is  what  is  observed  to  occur.  But 
these  rails  are  continuous  only  over  the  bridge,  being  cut  at  the  east 
abiitment,  and  trains  do  not  stop  going  west  on  reaching  the  east  abut- 
mient  ;  therefore  this  cause  does  not  explain  the  westwar<i  creeping,  on  a 
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stiff  up  grade,  of  the  north  track  on  the  approach.  The  creeping  on  the 
approach  being  greater  than  that  on  the  bridge,  and  wholly  unaccounted 
for  on  this  hypothesis,  it  must  be  rejected. 

3.  That  it  is  caused  by  the  tapping  or  pounding  of  the  wheels  against 
the  rear  ends  of  the  rails,  thus  driving  them  forward.  If  this  be  true  it 
should  be  the  same  in  the  tunnel,  or  on  any  ground  track,  as  on  the 
bridge.  Again,  it  would  appear  comparatively  easy  to  resist  this  action 
by  proper  holdings,  whereas  the  tendency  found  to  exist  is  almost  irre- 
sistible. Besides,  with  the  modern  splice,  the  rails  are  held  so  nearly  at 
the  same  elevation,  and  so  close  together,  that  it  is  difficult  to  see  ho\s" 
very  much  of  a  blow  could  be  given  by  the  wheel. 

4.  That  it  is  due  to  the  deflection  of  the  bridge  itself  by  the  train 
load.  This  is  also  a  plausible  theory,  inasmuch  as  the  track  is  crowning^ 
over  the  bridge,  so  that  when  the  middle  arcli  is  compressed  and  lowered 
by  the  train-load,  the  rail  must  be  shoved  ahead  a  little,  since  the  rear 
end  must  be  held  fast  by  the  weight  of  the  train.  I  am  inclined  to  believe 
this  cause  is  good  so  far  as  it  goes,  but  that  it  does  not  go  near  far  enoughs 
For,  the  track  is  crowning,  in  a  single  curve,  over  the  three  arches, 
rising  five  feet  in  a  distance  of  1,600  feet.  If  now  the  middle  arch  is  de- 
pressed so  as  to  bring  the  track  horizontal  over  this  arch,  it  would  cause 
a  flattening  of  but  one  foot  in  the  track,  and  this  flattened  track  would 
be  shorter  than  the  nonnal  curve  by  only  four  one-thousandths  of  a  foot. 
The  grade  being  straight  over  the  end  arches,  any  deflection  of  these 
would  cause  the  track  to  sag,  and  so  pull  back  on  the  rails  from  in  front. 
The  actual  movement  for  one  train  is  often  as  much  as  half  an  inch,  or  40 
one-thousandths  of  a  foot.  This  cause  does,  therefore,  not  go  far  enough  ^ 
Besides,  it  fails  to  account  for  any  movement  on  the  approach.  Again  ^ 
if  this  were  the  cause,  the  forward  movement  noted  for  any  train  should 
be  observed  to  take  place  ahead  of  the  train,  whereas,  when  we  closely 
observe  the  action,  it  is  found  to  occur  only  during  the  passage  of  the 
train. 

5.  That  it  is  due  on  the  bridge  to  the  distortion  of  the  arch.  When 
the  train  load  comes  upon  the  arch  from  one  side,  this  haunch  is  flattened 
somewhat  and  the  forward  haunch  is  lifted,  resulting  in  a  forward  move - 
ment  of  the  crown  of  the  arch.  When  the  train  goes  off  the  flattening 
is  on  the  forward  side,  resulting  in  a  backward  motion  of  the  crown, 
but  now  the  rail  is  pinned  fast  at  the  forward  end  of  the  arch,  so 
that  the  arch  would  slip  backward  under  the  rail,  and  then,  as  it 
rights  itself  again,  when  the  train  has  passed,  it  pulls  the  rail  forward 
with  it.  If  this  were  the  explanation,  which  would  not  apply  to  the 
approach  at  all,  then,  the  following  actions  should  be  observed  at  the 
pier,  or  abutment,  at  the  forward  end  of  the  arch  in  question  :  First  a 
forward  movenaent  of  the  rail  as  the  train  comes  upon  the  rear  half  of 
the  arch;  second,  a  backward  movement,  as  the  train  comes  upon  the 
second  half  of  the  arch,  due  to  the  arch  settling  back  to  its  normal  i)ositiou : 
third,  no  movement  under  the  train  itself  at  the  forward  pier.  After 
many  days  observations,  I  have  been  unable  to  detect  any  such  action. 
On  the  contrary,  the  movement  all  seems  to  occur  during  the  passage  of 
the  train. 

6.  That  it  is  due  to  the  paening  of  the  rail.     As  the  wheels  roll  alouif 
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over  the  rail,  each  one  flattens  out,  or  paens  the  rail  somewJiat,  imme- 
diately under  it.  Most  of  this  effect  is  a  tempoi-ary  distortion, 
the  rail  recovering  its  normal  shape  after  the  load  has  passed  off  ;  but  a 
small  part  of  it  is  permanent,  so  that  an  old  rail  is  somewhat  longer  than 
when  it  was  first  laid.  This  permanent  effect  is  proportional  to  the  ton- 
nage and  to  the  length  of  the  track,  but  for  the  1600  feet  over  the  St. 
Louis  bridge  the  permanent  increase  of  length  of  one  track  would  not 
certainly  be  more  than  a  few  inches  for  one  year,  whereas  the  movement 
is  260  feet.  The  creeping  from  the  temporary  distortion,  or  paening, 
would  be  much  greater.  This  is  best  conceived  by  thinking  of  a 
heavy  roller  moving  over  a  strip  of  India  nibber.  The  spread- 
ing of  the  rubber  under  the  wheel  is  lengthwise  as  well  as  side- 
wise,  and  so  far  as  it  is  lengthwise,  by  so  much  will  the  rubber 
strip  move  forward.  This  effect  is  also  proportional  to  both 
tonnage  and  distance.  It  would  also  be  greater  for  a  rail  supported 
in  a  continuous  stringer  than  for  a  rail  laid  on  ties.  It  would  be  impos- 
sible to  accurately  compute  this  effect,  but  I  think  it  must  be  very  small. 

The  last  three  causes,  4,  5  and  6,  ai'e  those  assigned  by  Col.  C.  Shaler 
Smith,  the  engineer  in  charge  of  the  bridge.  They  are  all  good  so  far  as 
they  go,  but  their  combined  effect  does  not  seem  sufficient  to  account  for 
the  great  movements  we  find  on  the  bridge,  and  only  the  last  one  can  be 
applied  to  the  approach. 

A  strong  objection  to  all  the  causes  of  movement  assigned  above,  is 
that  they  involve  the  actual  slipping  of  the  rails  upon  the  ties,  this  slip- 
ping occurring  witb  the  first  three  assigned  causes  while  the  train  load  is 
on,  and  in  two  other  cases  occurring  ahead  of  the  train.  It  is  quite 
impossible  that  the  rail  should  slip  on  the  ties,  when  the  train  load  is  on. 
For  instance,  in  a  train  of  twenty  loaded  cars,  weighing  55,000  lbs.  each, 
with  a  sixty-ton  engine,  we  have  610  tons  of  load  on  the  rails.  If  the 
coefficient  of  friction  between  iron  and  wood  be  taken  as  50  per  cent., 
we  would  have  a  resistance  to  slipping  of  305  tons,  or  305,000  lbs.  for 
each  rail.  If  we  allow  a  strength  of  50,000  lbs.  per  square  inch  for  iron, 
rails  of  six  square  inches  in  cross-section  would  be  torn  asunder  before 
these  rails  could  be  made  to  slip  on  the  ties.  (This  cross-section  is  that  of 
a  60  lb.  rail.)  This  is  also  the  measure  of  the  force  necessary  to  keep  the 
rail  from  moving,  which  seeming  paradox  will  be  understood  when  the 
chief  cause  of  movement  is  explained. 

The  Ttnie  Cause  of  the.  Creeping. 

The  true  cause,  as  the  writer  conceives  it,  of  the  creeping  of  rails  due 
to  traffic  upon  them,  has  not  come  to  his  notice,  though  he  has  no  doubt 
but  it  has  often  been  similarly  explained.  The  explanation  is  very  satis- 
factory when  once  examined,  and  carries  conviction  with  it,  but  it  seems 
to  have  been  generally  overlooked. 

One  will  be  the  more  ready  to  accept  the  explanation  about  to  be 
offered,  if  the  phenomenon  itself  be  first  fully  described.  The  method  of 
observation  was  as  follows  :  Mark  with  a  lead  pencil  a  continuous  line 
from  the  lower  flange  of  the  rail,  over  the  head  of  a  spike,  at  right  angles 
to  the  rail.  When  a  train  passes,  observe  two  things,  the  wave  motion 
of  the  rail  and  the  increments  of  forward  movement  ever,y  time  a  wave 
passes  and  the  rail  is  again  pi-essed  down  upon  the  ties.     It  was  found 
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that,  between  the  trucks  of  each  car,  the  rail  lifts  itself  free  from 
the  ties,  raising  a  (quarter  of  an  inch  or  so,  and  when  the  rear 
truck  comes  along  and  presses  the  rail  down  at  the  marked  sections, 
it  has  moved  forward  a  little.  There  is  a  small  wave  in  front  of  the 
engine,  and  a  cox-responding  movement,  but  apparently  no  greater  than 
under  any  single  car.  The  wave  under  the  car  is  higher,  not  from  the 
heavier  loads  on  trucks,  but  from  there  being  a  load  both  before  and 
behind,  each  of  which  tends  to  lift  the  rail  between.  This  upward 
curving  of  the  rail  is  due  to  the  elasticity  of  the  supports.  On  the 
bridge,  the  rail  rests  on  blocks  of  gum  wood,  534  inches  thick,  which  are 
held  between  12-inch  channel  bars,  as  is  shown  in  Fig.  2. 

These  pillow  blocks  are  17  inches  long,  with  alternating  spaces  of  19 
inches.  The  elastic  action  of  these  blocks  gives  the  rail  a  wave  motion 
independent  of  the  deflection  of  the  channels. 

On  the  approach,  the  rail  rests  on  a  two-inch  oak  plank,   laid   longitu- 
dinally, this  plank  resting  on  cross-ties,  8  inches  wide,  with  spaces  of  10 
inches. 
On  both  bridge  and  approach,  the  rails  are  left   free  to  move,  being 
/t  ■       p  held  together  by  the  Sampson 

splice  bar,  being  a  plain  bar 
without  flanges. 

The  i^ertinent  facts  then 
are,  that  there  is  a  wave  mo- 
tion of  the  rail,  independent 
of  its  supi^orts.  such  a  wave 
occurring  under  each  car  and 
moving  with  it,  giving  a 
slight  forward  motion  to  the 
rail  every  time  a  given  sec- 
tion is  brought  down  upon 
the  support.  Evidently  the 
total  movement  for  one  train 
varies  with  the  weight  and  number  of  cars  in  the  train,  or  with  the  ton- 
nage of  the  train. 

When  the  vianner  oi  the  action  is  explained,  the  cause  follows  xery 
naturally.  The  rail  is  lield  fast  on  the  ties  on  its  extended  side.  This 
causes  the  rail  to  measure  its  length  across  the  bridge  on  its  extended 
flange.  If  but  one  wave  of  this  sort  passes  over  the  bridge,  the  effect  is 
cumulative,  and  the  movement  increases  with  the  length  of  the  bridge. 
If  a  series  of  waves  pass,  the  effect  of  all  waves  after  the  first  is  a  con- 
stant (piantity.  A  detailed  explanation  may  be  given  bv  the  aid  of 
Fig.  3. 

For  simplicity,  let  the  depression  be  caused  by  a  single  wheel  at  P, 
moving  toward  ]>.  Let  pp'  be  a  vertical  section  parallel  to  PP'.  On 
account  of  the  deflection  of  the  rail,  the  normal  section  at  »'  is  oo',  the 
lower  fibres  being  extended  from  P'p'  for  a  horizontal  position  to  P'o' 
for  the  deflected  condition.  In  other  words,  the  point  o'  has  moved  for- 
ward from  p' as  a  result  of  the  deflection,  the  point  P'  being  fixed  by 
being  held  fast  to  the  support  by  the  load.  As  the  load  moves  toward 
2J  the  dei)ressed  portion  of  the  wave  moves  with  it,  and  when  the    load 
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reaches  j?  the  normal  section  oo'  has  come  to  coincide  with  the  vertical 
^ecMon  pp'  hij  revolving  about  o'  as  the  fixed  point. 

The  secret  of  the  whole  matter  is,  that  the  rail  rolls  itself  across  the 
(bridge  on  its  outer,  or  extended  side,  and  by  as  much  as  this  is  longer 
than  the  neutral  axis,  by  so  much  it  will  creep  for  a  single  wave  passing. 
Tliis  amount  is  directly  proportional  to  the  length  of  the  structure,  and 
to  the  amount  of  the  deflection.  If  another  wave  follows  this,  however, 
its  additional  effect  will  be  constant,  and  will  not  increase  with  the 
length  of  the  strvicture  ;  in  other  words,  this  and  all  succeeding  wave 
-effects  of  the  series  will  be  directly  pi-oportional  to  the  deflection  alone. 
The  total  train  effect  will  therefore  be  proportional  to  the  weight  and 
number  of  cars  passing— in  other  words,  to  the  tonnage  of  the  train. 
This  has  been  seen  to  be  true  on  the  bridge.  On  the  approach  the  effect 
of  the  grade  comes  in  to  modify  this  ratio. 

From  the  above  reasoning  it  is  evident  that  if  the  rail  were  supported  at 
;i  point  above  the  neutral  axis,  as  under  the  head,  for  instance,  there 
?>vould  be  a  tendency  to  creep  backwards,  or  against  the  direction  of  the 


traflSc,  from  the  compression  of  this  upper  side.  There  would  still  be  a 
forward  tendency,  however,  due  to  the  wave  motion  of  the  rail,  inas- 
tiiuch  as  the  neutral  line  of  the  rail,  when  thrown  into  waves,  is  longer 
than  the  corresponding  linear  distance.  If  the  rail  be  supported  from 
the  upper  surface,  as  has  been  done  in  the  model  to  be  exhibited,  then 
the  backward  motion  due  to  the  compression  of  the  upper  flange  would 
more  than  counterbalance  the  forward  motion  due  to  the  waves  in  the 
Tieutral  axis,  and  the  rail  would  actually  move  backward. 

If  these  opposite  actions  can  be  shown  to  occur,  a-i  here  described,  then 
there  is  evidently  a  point  of  suspension  somewhere  between  the  neutral 
axis  and  the  upper  surface,  from  which,  if  the  rail  be  suspended,  there 
will  be  no  tendency  to  move  either  forward  or  backward. 

Some  English  rails  are  supported  from  the  lower  side  of  the  upper 
flange,  or  head,  and  it  is  said  their  tendency  to  move  forward  is  much 
Jess  than  that  of  the  American  i-ail. 

It  may  be  objected  to  this  theory  that  this  action  obtains  on  the  ground 
ias  well  as  on  bridges  and  trestles.  True,  it  does  ;  and  there  is  also  a 
«trong  tendency  to  creep  on  the  ground,  but  not  so  strong  but  it  can  be 
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resisted.  This  is  on  account  of  the  yielding  nature  of  the  soil  and  ballast. 
If  the  ties  were  fastened  as  rigidly  to  the  ground  as  they  are  to  bi'idges- 
and  if  the  wave  motion  were  as  great,  the  tendency  to  move  in  the  direc- 
tion of  a  continuous  traffic  would  be  quite  as  great. 

It  is  evident  tliat  it  is  not  the  absolute  deflection  of  the  rail  that  is  sig- 
nificant, but  the  wave  motion  of  th<i  rail  independent  of  the  motion  of 
the  supporting  track  system.  If  the  rails  were  fastened  down  snug  upon 
the  stringers,  so  that  tliey  deflected  with  them  strictly,  the  rail  would 
have  no  tendency  to  crawl  upon  the  stringer.  In  the  case  of  the  Penn- 
sylvania bridge,  at  Harrisburg,  the  splice  bars  tit  snug  under  the  head 
and  rest  on  the  ties,  so  supporting  the  rails,  at  the  ends  at  least,  above 
the  neutral  axis.  Each  set  of  splice  bars  is  also  held  in  place  by  four 
spikes,  making  four  spikes  to  each  rail  that  would  have  to  be  sheared  off 
in  order  to  move  the  rail.  The  rail  would  evidently  slip  on  the  ties,  with 
its  load  on,  before  it  would  do  this.  When  the  attemjits  were  made  to 
hold  the  rails  on  the  St.  Louis  bridge,  the  holdings  were  concentrated  at 
isolated  points  on  the  line,  so  that  the  crowding  action  accumulated  for  a 
considerable  distance,  and  the  holdings  gave  way  before  this  longer  reach 
of  rail  would  slip  on  the  supports  with  the  loads  on.  If  each  raU  were 
held  independently,  as  is  done  on  the  Harrisburg  bridge,  the- 
creeping  could  probably  be  stopped  on  both  the  bridge  and  ap- 
proach, but  it  is  feared  this  would  bring  too  great  a  strain 
on  the  truss  members.  The  solution  offered  above,  of  supporting  the  rail 
under  its  head,  would  be  a  more  satisfactory  method  of  treatment,  inas- 
much as  it  would  utterly  destroy  the  tendency  to  move,  and  hence  there 
would  need  be  no  strains  introduced  by  spiking  it  fast.  The  time  of 
eight  men  is  now  mostly  occupied  (five  by  day  and  three  at  night)  in 
correcting  the  movement,  as  it  occurs  in  the  St.  Louis  bridge,  but  it  is 
claimed  this  is  no  expense  to  the  company,  as  they  would  have  to  keep  so- 
many  trackmen  in  employment  anyway,  and  they  might  as  well  be  kept 
busy.  It  would  seem,  however,  that  a  considerable  portion  of  this  ex- 
pense could  be  avoided  by  wholly  stopping  the  rail  movement.  The  only 
way  of  doing  this  without  straining  the  structure  is  by  destroying  its 
tendency  to  move,  and  this  can  only  be  done  by  supporting  the  rail  above 
the  neutral  axis,  or  else  in  such  a  manner  as  to  destroy  its  independent 
Avave  motion. 

From  the  above  explanations,  one  can  understand  the  seeming  para- 
dox, that  the  rails  creep  a  foot  a  day,  and  yet  do  not  sUp  on  the  ties. 
And  further,  that  to  hold  them  in  position  when  supj)orted  on  the  bot- 
tom, they  must  be  made  to  slip  on  the  ties  when  the  load  is  on,  and  the' 
force  necessary  to  cause  them  to  do  this  is  the  measure  of  the  force  re- 
quired to  hold  them  in  place. 

In  the  fore  part  of  this  paper  the  striking  coincidence  of  relative 
movements  and  relative  lengths  of  track  on  bridge  and  approach  was 
noted,  but  not  explained.  Two  possible  causes  were  suggested,  and,  iu 
fact,  both  are  found  to  act.  Of  the  many  waves  formed  in  the  rail  by 
the  passage  of  a  train,  only  the  small  wave  in  front  of  the  engine  is 
cumulative  in  its  effect,  or  has  its  effect  of  translation  directly  propor- 
tional to  the  distance  traversed.  The  others  all  Iiave  a  constant  effect. 
This     would,     therefore,     liave     little    mfluence.     and     if     this    cause 
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act^ed  alone,  the  movement  ought  to  be  about  tlie  same  oip 
bridg^e  and  approach,  regardless  of  their  relative  h^ngths.  The  other 
cause,  viz.,  more  favorable  canditions  for  movement  on  the  approach  is 
more  effective,  inasmuch  as  here  the  rail  rests  directly  on  a  continuous 
stringer  laid  on  top  of  the  ties,  while  on  the  bridge  it  rests  on  isolated 
blocks,  w^ith  intervening  spaces  of  19  inches  each. 

In  the  case  of  the  stringer  there  is  no  giving  in  the  supports,  in  a  longi- 
tudinal direction,  for  it  is  pinned  fast  at  intervals,  and  is  a  continuous 
member.  In  the  case  of  the  blocks,  they  doubtless  do  yield  slightly  in  a 
longitudinal  direction,  even  under  the  load,  and  then  recover  again,  a* 
the  rail  lifts  from  them  between  the  depressed  portions  of  the  track.  The 
rail  does  not,  therefore,  move  so  much  forward  oil  account  of  a  sort 
of  backward  rocking  of  the  blocks.  This  .same  condition  of  free- 
dom to  rock  back  and  forth  a  few  hundredths  of  an  inch  obtains  on  all 
land-track  systems,  and  so  the  movement  of  the  rail  is  easily  resisted^ 
In  the  tunnel  the  rail  is  laid  on  a  stringer  also,  but  it  so  large  as  not  Uy- 
deflect  appreciably,  and  as  the  rail  is  spiked  close  to  this  stringer,  it  can 
have  no  independent  wave  motion,  and  so  has  no  tendency  to  creep. 

\ Note.— Oa  the  occasioa  of  the  reading  of  this  paper  before  the  St.  Louis  Engrs.  Cluh,  a 
■working  model  was  exhibited  which  furnished  an  ocular  demonstration  of  the  theory 
herein  advanced  for  the  cause  of  the  creeping  of  rails.  A  circular  track  composed  of  a- 
wooden  rail  1  inch  deep  by  )4  inch  wide,  made  of  hickory,  rested  on  l(i  radial  ties  which., 
were  supports  1  at  the  outer  ends  by  springs  of  coiled  wire.  These  outer  end* 
were  held  rigidly  agauist  any  lateral  motion,  but  were  free  to  move  vertically.  The- 
rail  was  not  fastened  to  these  ties  but  simply  held  in  guides  that  kept 
it  in  place,  concentrically,  it  being  free  to  take  on  an  independent 
wave  motion,  and  to  move  longitudinally  around  the  circle.  On  this  track  a  car  was 
made  to  run.  The  car  consisted  of  a  plank  forming  a  diameter  to  the  circle,  with  a 
wheel  at  each  end.  A  vertical  axis  at  the  centre  held  this  plank  in  position  while  it  was 
free  to  revolve  horiz  mtally.  This  plank  was  then  loaded  with  some  four  hundreil 
pounds,  and  made  to  move  around  on  the  track.  The  track  was  thrown  into  two  great 
waves,  being  depressed  about  an  inch  below  its  normal  position  under  the  wheels,  and 
raised  about  the  same  amount  above  the  ties  on  the  other  quadrants.  The  rail  was 
found  to  move  rapidly  in  the  direction  of  the  motion  of  the  car,  so  that  when  the  car  had;' 
completed  three  revolutions  the  track  had  moved  one  inch.  This  was  the  case  in  which- 
ever direction  the  car  was  moved. 

Thus  far  the  experiment  had  only  proved  what  has  already  been  observed  on  the- 
bridge.  In  order  to  show  that  our  explanation  was  the  correct  one,  it  became  necessary 
to  suspend  the  rail  from  the  upper  side,  to  see  if  the  rail  would  then  move  against  the 
motion  of  the  car.  This  was  done  by  screwing  iron  plates  to  the  top  of  the  rail,  allow- 
ing them  to  project  over  the  sides  and  then  supporting  these  on  blocks.  The  rail  was- 
now  hung  from  its  upper  surface,  and,  according  to  the  theory  herein  advanced,  it 
ought  to  move  backwards.  This  it  was  observed  to  do.  whatever  the  motion  of  the  car. 
The  amount  of  the  backward  motion  now  was  not  as  much  as  the  forward  motion  when- 
supported  on  the  bottom,  as  indeed,  it  was  not  expected  to  be,  on  account  of  there  beiner 
a  forward  teadsncy  in  br)th  cases,  of  an  amount  equal  to  the  excess  in  length  of  the  con- 
torted neutral  axis  over  its  projection  on  the  horizontal  plane.  The  compression  of  the 
upper  fibres  being  mDre  than  the  excess  in  length  of  the  contorted  neutral  axis  over  it.s. 
projection,  the  rail  moves  backward  by  this  much .  If  the  fibre  could  be  found,  some- 
where above  the  neutral  axis,  whose  compression  would  just  equal  the  above  neutraS 
axis  excess,  then  the  rail  would  have  no  tendency  to  move  in  either  direction.] 
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THE  METRIC  SYSTEM  AND  OUR  SOCIETY. 


By  Albert  H.  Howland,  Member  op  the  Boston  Society  of  Civil  Engineers. 
[Read  October,  1884  j 


Though  our  Society  has  printed  since  its  revival  and  reorganization  in 
1874  a  hundred  or  two  pages  of  the  statements  and  appeals  of  the  advocates 
•of  the  metric  system,  it  has  never  had  a  discussion  of  the  merits  of  that 
-system.  It  committed  itself  hastily  and  inconsiderately  in  its  favor  in 
ISTo  ;  this  it  did  immediately  on  the  report  of  a  committee  all  of  whose 
membei'S  were  zealous  partisans  of  that  system,  and  our  metric  committee 
has  alwaj'S  been  similarly  composed  ;  consequently  its  reports,  though 
intended  to  be  ever  so  fair,  may  properly  be  considered  ex-parte  state- 
naents. 

Previous  to  1879  there  had  been  no  article  in  our  Constitution  restrict- 
ing the  Society's  action  in  respect  to  giving  its  indorsement  to  propositions 
of  any  kind.  Consequently,  as  ten  is  a  qviorum,  the  fact  of  its  having 
taken  such  action  is  not  evidence  of  the  approval  of  more  than  six  mem- 
bers. The  fi-iends  of  the  metric  system  have  generally  objected  to  mak- 
ing public  the  votes  taken  regarding  it.  In  1879  the  following  article  was 
added  to  the  Constitution :  "  No  proposition  which  includes  the  Socie- 
ty's indoi'sement  shall  be  passed  except  in  the  same  manner  as  pre- 
scribed for  ajnendments  to  the  Constitution,''  So  that  since  that  date  its 
:attitude  has  been  that  of  impartiality  and  it  has  become  the  practice  to 
print  the  reports  of  the  Metric  Committee  without  reading  them  at  the 
meetings.  A  portion  of  our  members  have  always  been  urging  the  Soci- 
ety to  engage  in  the  advocacy  of  the  metric  system.  They  want  this 
Society  to  be  a  kind  of  a  missionary  organization  for  the  dissemination 
of  their  belief  and  the  accomplishment  of  their  purpose.  In  the  fall  of 
1875  w^e  were  asked  to  sign  an  agreement  to  use  only  that  system  in  our 
practice  after  the  Fourth  of  July  following  and  so  begin  the  new  cen- 
tury with  a  clean  sheet.  I  think  it  was  stated  that  nearly  all  the  archi- 
tects in  the  cities  in  this  vicinity  had  signed  it.  When  the  question  was 
first  brought  into  the  Society  it  was  urged  to  send  a  committee  to  Wash- 
ington to  press  upon  Congress  the  introduction  of  the  system.  At  one  of 
our  meetings  a  confession  of  "  Faith  in  the  Metric  System"  was  read, 
forming  a  creed  of  some  20  articles,  one  of  which  was  in  substance  that 
the  people  of  this  countrj'-  should  be  forced  to  use  the  metric  weights  and 
measures.  Recently  an  attempt  was  made  to  have  the  Constitution 
■amended  by  inserting  the  characters  "  80  Km."  in  one  of  its  articles  in 
j)lace  of  the  words  "fifty  miles." 

Now,  it  seems  to  me  very  plain  that  any  society  which  is  to  engage  in 
-advocacy  of  a  cause,  in  a  missionary  enterprise,  in  seeking  to  make 
proselytes  to  a  creed,  or  in  other  similar  course,  should  be  so  constituted 
.as  not  to  admit  unbelievers  to  membership.  Its  creed,  belief,  dogma,  or 
m'hatever  you  please  to  call  it,  should  be  a  part  of  its  organic  lair,  and  be 
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expressed  plainly,  too,  not  tucked  away  in  a  sly  corner  or  left  to  infer- 
ence :  all  members  should  be  required  to  subscribe  to  it  and  promise  to- 
be  faithful ;  in  short,  the  organic  law  should  liave  an  automatic  cut-off 
which  should  separate  the  goats  from  the  sheep.  Otherwise,  as  long  as- 
mankind  are  finite  and  fallible,  the  society  will  be  liable  to  have  one 
creed  at  one  time,  and  a  directly  contradictory  one  at  another.  In  fact, 
such  an  oscillation  may  depend  upon  fluctuations  in  the  relative  degree  of 
absenteeism  in  two  classes  of  members,  the  "  moss-backs"  and  the 
"kids." 

It  is  very  questionable  policy  for  a  society  tliat  is  not  oi'ganized  on- 
such  a  basis  as  I  have  referred  to,  which  I  may  call  a  missionary  basis, 
to  give  the  use  of  its  name  and  prestige  to  a  portion  of  its  members 
to  advance  a  cause  that  they  have  espoused.  If  it  does  so,  it  is  only  just 
to  other  members  to  allow  them  similar  privileges.  Tliis  leads  to  wrang- 
ling and  disputes  and  turns  the  society  into  a  mere  debating  club  in 
which  points  of  parliamentary  practice  become  more  important  than  the 
chief  concerns  of  a  civil  engineers'  society  ;  it  leads  to  the  resort  to  methods 
and  practices  that  may  be  willingly  submitted  to  by  those  in  sympathy 
with  this  object  but  be  distasteful  to  others.  The  doctors  have  had 
valuable  experience  in  this  res])ect  ;  they  are  divided  on  the  question  of 
a  creed  (similia  similibus).  In  short  it  is  best  for  this  Society  in  its  action 
to  steer  pretty  clear  of  matters  of  opinion,  belief  and  dogma.  I  would 
instance  a  precedent  that  ought  to  be  very  convincing  to  the  friends  of 
the  metric  system  :  in  the  midst  of  the  recent  cholera  panic  the  French 
Academy  of  Sciences  was  asked  by  the  government  to  give  its  opinion 
as  to  the  cause  of  the  cholera  ;  it  replied  that  it  was  contrary  to  its  policy 
to  give  opinions. 

I  am  not  maintaining  that  the  Society  should  lay  down  a  cast-iron  rule 
that  it  will  never  make  recommendations  or  act  on  matters  of  opinion, 
but  at  least  it  should  not  be  ])recipitate  in  indorsing  the  opinions  that  the 
advocates  of  a  cause  may  bring  before  it,  but  should  first  make  a  thor- 
ough and  impartial  investigation.  It  would  seem  appropriate,  too,  that 
its  principal  activity  in  that  way  should  be  directed  to  questions  that  are 
essentially  engineering  ones,  which  the  question  of  weights  and  measures 
is  not.  Those  of  our  members  who  favor  the  metric  system  can  petition 
Congress  as  much  as  they  please,  either  as  individuals  or  as  members  of 
this  Society  ;  but  they  seem  not  to  be  satisfied  unless  they  can  use  its 
name  in  such  a  way  as  to  carry  with  their  own  influence  that  of  their 
opponents. 

We  shall  do  well  to  note  the  action  of  the  American  Society  of  Civil 
Engineers,  which  after  giving  the  metric  advocates  a  hearing  and  aftei* 
listening  to  and  reading  the  discussion  voted  nearly  two  to  one  to  indefi- 
nitely postpone  the  whole  question.  The  metric  committee  of  the  Civil 
Engineers'  Club  of  the  Northwest,  after  long  consideration  said  in  their 
final  report,  "  We  do  not  see  that  it  can  be  forced  by  legislation  upon  an 
unwilling  or  even  indifferent  and  uninformed  people."  I  would  suggest 
as  a  subject  for  reflection  the  question,  how  long  a  period  is  likely  to 
elapse  before  the  number  of  legal  votei-s  in  the  United  States  who  are- 
indifferent  and  potentially  unwilling  will  become  so  small  that  they  will 
not  have  to  be  reckoned  with. 
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Prof.  Hilgard,  of  the  Coast  Survey,  officer  in  charge  of  the  government 
■standards,  though  formerly  honored  as  a  shining  light  by  the  advocates 
<if  the  metric  system,  recently  said  that  he  doubted  whether  that  system 
would  ever  wholly  take  the  place  of  ali  others  in  our  domestic  trans- 
.actioris. 

One  of  the  objections  to  attem})ts  to  introduue  it  liere  is  that  improve- 
ments that  can  be  easily  made  in  our  present  system  (so  called)  are  thereby 
•delayed  and  the  laws  lag  in  sanctioning  improvements  that  actual  practice 
has  brought  about  in  spite  of  laws  :  such  for  instance  as  the  use  of  the  ton 
of  3000  lbs.  and  the  cental  of  100  lbs.  There  are  several  features  in  our 
system  that  are  treasured  as  precious  relics  by  the  advocates  of  the  metric 
system,  such  as  our  barleycorns,  roods,  and  gross  tons  ;  it  will  be  in- 
teresting to  note  their  course  in  reference  to  this  latter. 

The  metric  system  looks  attractive:  it  has  lots  of  theoretical  perfections 
that  are  practically  useless  or  woi-se,  and  I  feel  confident  that  it  is  some  of 
its  real  defects  that  have  secured  to  it  many  of  its  devoted  friends  in  this 
country.  Reflect  on  its  whimsical  unspeakable  polysyllabic  Graeco-Roman 
nomenclature;  its  spell  doubtless  fascinates  many  a  mind  of  classic  cultui-e 
•^in  spite  of  its  hybrid  character),  especially  if  there  was  a  youthful  aversion 
to  mathematics :  he  feels  that  his  boyhood's  days  were  embittered  by 
2-eduction  ascending  and  descending,  and  here  is  escape  for  posterity  in 
the  mystic  combinations  of  centi  and  kilo. 

What  the  iron  heel  of  a  military  despot  may  have  accomplished  with 
the  pauper  laborers  of  an  effete  European  monarchy  is  not  worth  a 
tinker's  dam  [this  orthography  is  used  on  the  authority  of  an  ex-gover- 
nor of  our  State]  as  a  precedent  for  a  free  people  ;  and  it  may  be  safely 
assumed  that  they  will  use  about  such  weights  and  measures  as  they 
^ilease.  whatever  laws  may  be  passed  and  however  eager  the  classes  that 
iloiit  do  the  weighing  and  measuring  may  be  to  impose  their  reform  «m 
the  classes  that  do.  The  prospect  is  that  this  reform  will  be  pushed  till 
it  becomes  so  obnoxious  that  it  will  be  smashed,  leaving  relics  here  and 
there  that  will  be  moi'e  out  of  harmony  with  common  practice  than 
.anything  in  our  present  system,  and  so  will  but  intensify  such  discord  as 
exists. 

The  extravagant  claims  of  the  metric  advocates  I  consider  grossly  de- 
ceptive. Incidentall3%  I  would  mention  as  a  slight  corrective  some  fig- 
jures  cited  at  the  Meridian  Conference  at  Washington  the  other  day  : 

Tonnage  controlled  by  (ireenvvit-h  standard 14,000,000 

•    Paris  ••         1,735,000 

Of  course  ihese  figures,  to  have  their  accurate  significance  assigned  them, 
would  re(]uire  analysis  (which  I  have  not  at  hand)  ;  as  much  perhaps  as 
the  metric  claims. 

Unusual  efforts  seem  to  have  been  put  forth  lately  to  manufacture  a 
j^roat  metric  boom;  its  features  are  soon  likely  to  be  disclosed;  the 
machinery  works  beautifully;  still  booms  maj'  come  and  booms  may  go, 
but  our  people  are  about  as  likely  to  discai-d  their  habits  of  thought 
and  action  regarding  weight  and  measures  (which  to  vast  numbers  ;ire 
practically  almost  a  part  of  their  own  being),  as  they  are  to  set  about 
induing  themselv(>s  to  become  aml)idextei's. 
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DETERMINATION    OF    THE    MECHANICAL    EFFICIENCY    OF    A 
GRAMME  GENERATOR  AND  MOTOR. 


By  Francis  E.  Nipheb,  Member  of  the  Engineers'  Ciaib  of  St.  Louis. 


Ill  some  recent  detenninations  of "  the  mechanical  efficiency  of  an 
electrical  generatoi- and  motor,  the  plan  of  investigation  was  somewhat 
peculiar  by  reason  of  the  fact  that  the  engine  used  to  drive  the  generator 
could  not  be  kept  at  a  constant  speed  when  the  load  on  the  motor  was 
varied.  Some  interesting  features  were  developed  which  are  here 
presented. 

The  motor  was  a  one-light  Fuller  machine,  having  the  armature  and 
field  connected  in  series,  and  the  generator  differed  from  it  apparently 
-only  in  the  wire  wound  upon  the  armature  and  field  magnets,  the  resis- 
tance of  the  generator  being  about  fifty  per  cent,  greater  than  that  of  the 
jnotor.  The  amount  of  iron  in  the  two  machines  was  apparently  the 
same.  The  resistance  of  the  line  connecting  the  two  machines  was  one- 
tenth  that  of  the  combined  resistance  of  the  two  machines. 

The  geneiator  was  mounted  on  aBrackett  dynamometer  which  served 
to  measiu-e  the  power  delivered  to  the  pulley  of  the  generator.  As  this 
dynamometer  may  not  be  known  to  you  all,  it  may  be  well  to  say  briefly 
that  it  consists  of  a  cradle  upon  which  the  generator  is  mounted,  the 
iradle  being  supported  on  cone  points  which  are  in  the  line  passing 
longitudinally  through  the  shaft  of  the  flynamo  or  generator.  The 
centre  of  gravity  of  the  cradle  and  dynamo  is  a  very  little  below  the  line 
of  support,  so  that  the  cradle  with  its  load  is  easily  turned  upon  the  cone 
points.  When  power  is  applied  on  the  pulley  of  the  generator,  the 
attraction  between  the  field  magnets  and  the  armature  tends  to  turn  the 
cradle  upon  the  cone  bearings,  and  this  turning  is  prevented  by  a  sliding 
load  hung  on  a  lever  attached  to  the  cradle.  The  load,  the  length  of  its 
arm  and  the  speed  of  the  dynamo  being  determined,  the  power  applied 
is  estimated  as  in  the  case  of  the  Prony  brake. 

Tlie  power  delivei'ed  on  the  driving  pulley  of  the  motor  was  determined 
by  means  of  a  Prony  brake  in  the  usual  manner. 

The  motor  was  tirst  run  at  various  speeds  with  no  load  upon  its  pulley, 
and  simultaneous  determinations  of  the  speeds  of  the  motor  and  gener- 
ator were  made.  Loads  L  of  one,  two,  three,  four  and  live  pounds  were 
then  successively  hung  on  the  brake  arm,  on  a  leverage  of  one  foot.  For 
each  load  the  speeds  of  motor  and  generator  were  varied  between  as 
wide  limits  as  practicable  and  simultaneous  determinations  of  speeds, 
loads  and  brake-arms  wei-e  made.  The  relation  between  the  number  of 
revolutions  G  of  the  generator  and  M  oi  the  motor  jwr  minute  for  each 
load  were  expressed  by  an  ecjuation  of  the  form 
^  "  ''  G  =  a^bM  (1) 

in  a  very  satisfactory  manner.  The  accomjjany- 
ing  table  gives  the  Amines  of  a  and  b  for  each 
value  of  L. 

Tlie  value  a.  of  course,  represents  the  speed  of  the  generator,  when  the 
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motor,  loaded  with  L  pounds  on  an  amn  of  one  foot,  is  just  on  the  point- 
of  starting,  wliile  h  is  the  increase  in  the  value  of  G  for  each  unit  of 
change  in  M.  The  lines  represented  by  these  six  equations  are  shown  on 
the  diagram. 

If  the  rate  of  work  of  the  motor  corresponding  to  simultaneous  values 
of  M  and  O  be  laid  off  at  right  angles  to  the  plane  of  G  O  M,  the  three 
variables  determine  a  surface.  This  surface  intersects  the  plane  ot  GO  M, 
in  the  lines  G  A  and  A  B.  The  work  delivered  by  the  motor  is  zero- 
along  the  line  G  A,  because  the  motor  does  not  revolve  ;  and  it  is  zero 


along  the  line  A  B,  because  the  motor  carries  no  load.  For  a  constant 
value  otG,  the  useful  work  per  minute  increases  and  reaches  a  maximum, 
since,  while  the  load  increases,  the  number  of  revolutions  diminishes.  For 
example,  if  G  =  1,000,  the  number  of  revolutions  per  minute  for  each  of 
the  six  values  of  L  is  determined  from  equations  (1).  These  values  of  M 
are  given  in  the  table  below.  When  these  values  of  M  and  L  are  plotted, 
it  is  found  that  the  points  thus  determined  are  in  a  straight  line,  having 
the  equation  : 

Af  -.  1309  —  138  L  (2) 

G  =  1.000  revolutions  per  minute. 
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LOADS   OF  MOTOR  ALWAYS  ON  ARM    C   OR  1    FT. 
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By  means  of  this  equation,  the  remaining  values  of  M  for  loads  of  6, 
7,  8  and  9  pounds  on  the  motor  are  calculated,  and  it  is  also  found  that 
for  a  load  of  9.47  pounds,  the  value  of  ilf  becomes  zero.  The  work  of  the 
motor  per  minute  in  horse-power  is  thus  readily  determined  and  is  given 
in  the  third  column  of  the  table  above. 

Multiplying  the  equation  (3)  through  by  ij^tttwT-  it  becomes 

W  =  KL  —  K'  L-  (3) 

where  K  =  1,3094^^1=  ^-349 
and  A- =188  4-^=0.026 
If,  however,  equation  (2)  be  multiplied  through  by    ■  the    result- 

oo,UUO 
ing  etjuation  reduces  to 

The  condition  of  maximum  power  may  be  obtained  from  either  of 
these  equations.     From  the  former  we  obtain 

4-?^'  =  A  -  2  Z'  i  =  0,  oi- 
a  L 

^        K         1,309 

L  = =  — =  4  74 

2  A'       2  X  138 

Here  1,309  is  the  number  of  revolutions  of  the  motor  when  i  =  0,  and 
138  is  the  decrease  in  the  value  of  M  for  each  additional  pound  added  to 
L,  on  a  pulley  of  24  inches  diameter,  when  G  =  1,000. 

It  will  be  observed  that  the  load  which  gives  the  maximum  power  is 
one-half  the  load  which  will  bring  the  motor  to  rest. 

From  equation  (3')  we  also  have 

d  M        138  (138)2 

1,.       1309 
or  M  =-^- 

or  the  speed  giving  the  maximum  power  is  one-half  the  speed  which  the 
motor  has  when  L~  Q.  The  curve  represented  by  equation  (3')  is  shown 
at  the  bottom  of  the  diagram,  and  represents  a  section  tlii'ough  the  sur- 
face of  useful  work  along  the  line  C  D. 

It  follows  that  the  maximum  power  for  varying  values  of  G  all  lie  in  a 
common  plane  at  right  angles  to  the  plane  oi  G  O  M,  the  trace  of  which  on 
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the  latter  plane  is  represented  in  the  diagram  by  the  line   marked  "  Max. 

IF'.'*    The  equation  of  this  line  is 

G  =  260  +  1.130  M  (4) 

where  260  is  the  speed  of  the  generator  when  the  unloaded  motor  is  just 

on  the  point  of  starting,and  1.13  is  twice  the  increase  in  the  value  of  G  per 

d  C 
unit  of  increase  in  M  when  L  =  0.     In  other  words     .  „  for  the  line 

marked  "  Max.  W"'  is  twice  the  value  of  the  same  quantity  for  the  line 
marked  L  =  0. 

To  determine  the  work  applied  on  the  pulley  of  the  generator  running 
at  a  speed  of  1,000,  when  1/  the  load  on  the  motor  is  varied,  the  total 
work  on  and  speed  of  the  generator  were  plotted  for  each  of  the 
six  series  of  experiments  made.  Eacli  series  (L  being  constant)  gave  a 
curve  which  was  sufficiently  regular  so  that  in  each  case  the  work  per 
minute  (IF)  when  G  =  1,000  could  be  determined  with  sufticient  precis- 
sion.  These  values  are  given  in  tlie  fourth  colunm  of  the  table  above. 
The  relation  between  WandL  for  G  =  1,000  was  found  to  be  accurately 
represented  by  the  equation. 

IF  =  0.525+ 0.394  L  (5) 

By  means  of  tliis  equation  the  values  of  W  for  higher  values  of  L  were 
determined,  as  shown  in  the  previous  table.  It  is  thus  seen  that  0.525 
horse-power  is  applied  to  the  generator  when  the  motor  carries  no  load. 
This  work  is  expended  in  revolving  the  two  armatures  against  the  fric- 
tion of  bearings  and  brushes,  and  in  heating  the  machines  and  line.  If 
the  motor  were  held  still  by  a  load  of  9.47  pounds  on  a  twenty -four  inch 
pulley,  G  being  1,000,  the  power  applied  becomes  4.26  H.  P.,  which  would 
be  converted  into  heat  and  would  destroy  the  machines.  This  last  equa- 
tion does  not  hold  for  negative  values  of  L,  or  where  power  is  applied  to 
tlie  motor  in  giving  it  a  higher  speed  than  that  given  to  it  by  the  current 
from  the  generator.  At  some  speed  31  above  1,309,  the  back  current 
generated  by  the  motor  would  exactly  balance  the  direct  current  of  the 
generator  running  at  1,000,  and  at  a  still  higher  speed  of  M,  the  current 
being  supposed  reversed,  the  motor,  running  as  a  generator,  would  drive 
the^generator  running  as  a  motor  without  load,  and  without  the  applica- 
tion of  any  power  from  the  engine.  In  this  case  \V=0.  As  before 
observed,  equation  (5)  cannot  be  used  in  determining  this  speed,  whicli 
corresponds  to  some  negative  value  of  L,  since  it  is  an  empirical  equa- 
tion and  cannot  be  applied  beyond  the  limit  L  =  0.  The  value  of  IF  can, 
however,  be  determined  in  terms  of  1/  for  G  —  1,000  by  solving  (2)  for  L 
and  substituting  its  value  in  (5).     We  thus  obtain  : 

W  --=  4.26  —  0.00286  31.  (5') 

an  equation  which  holds  between  the  limits  31  =  0  and  31=  1,309,  as  is 
the  case  with  (5).  The  line  represented  by  ecjuation  (5')  is  plotted  in  the 
diagram,  and  is  marked  IF. 

Eijuations  of  this  form  are  therefore  applicable  in  such  cases  as  are 
ordinarily  met  in  engineering  work,  and  are  advantageous  bj'  reason  of 
their  simplicity. 

Before  leaving  tliis  part  of  the  subject  I  wish  to  remark,  with  reference 
to  the  special  case  already  discussed,  where  G  =  1,000,  that  when  the 
motor,    acting   as    generator,    is  driven    by    tlie    engine  at    a  higlier 
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speed  than  that  at  which  it  will  drive  the  unloaded  generator  at  1,000, 
the  generator  must  be  loaded  in  order  to  preserve  this  speed.  The  rota- 
tions of  both  machines  will  still  be  in  a  positive  direction,  but  the  loads 
on  both  machines  have  bt^come  negative,  and  hence  both  W  and  W  will 
become  negative.  Moreover,  the  curve  marked  W  in  the  positive  sheet 
■of  the  surface,  representing  useful  work  delivered  by  the  motor  at  a 
constant  speed  of  the  generator,  will  continue  through  the  negative 
sheet  of  the  surface,  where  it  will  represent  total  work  applied  to  the 
generator,  with  the  condition  of  a  fixed  speed  in  the  motor.  What  was 
in  the  first  case  the  motor,  has  become  the  generator  and  vice  versa.  In 
the  latter  case,  the  section  through  the  negative  surface  of  useful  work 
does  not  show  a  minimum,  as  it  does  in  a  direction  at  right  angles 
thereto,  the  load  L  being  the  only  variable  element  in  the  quantity.  The 
discussion  of  the  relations  of  the  positive  and  negative  sheets  of  the  sur- 
faces, representing  the  direct  and  reverse  action  of  the  couple,  however, 
lies  outside  the  aim  of  the  present  paper,  and  is  reserved  for  another 
occasion. 

The  mechanical  efficiency  of  the  couple,  the  generator  and  motor,  is 

e=e:  (6) 

W 

The  value  of  E  for  G  =  1,000  is  given  in  the  fifth  column  of  the  table 
above,  and  the  curve  marked  E  is  plotted  at  the  bottom  of  the  diagram. 

The  analytical  conditions  of  maximum  efficiency  for  constant  value 
of  Gaxe  easily  deduced,  either  from  equations  (3)  and  (5)  or  from  (3')  and 
(5').     From  the  former  we  have 

KL-K'L^ 
^  -     W"+  AL  ^^^ 

where   W"  is  the  work  applied  to  the  generator  when  the  motor  car- 
ries no  load.     The  condition  of  maximum  efficiency  is 

clE      {W" -\-AD{K  —  2  K'L)  —  {KL  —  K'  L^)A 


dL~  {W'-\-ALY 

Hence 


=  0 


By  reference  to  the  remarks  following  equation  (3)  it  will  be  observed 
that  A_   =:    A 

K'  C 

where  B  is  the  value  of  M  when  L  =  0,  and  C  is  the  decrease  in  31  per 
pound  of  increase  in  L.     Hence  the  last  equation  becomes 


where  the  negative  value  of  L  must  be  discarded  for  reasons  before 
given. 

Substituting  the  numerical  values  corresponding  to  O  —  1,000,  the 
condition  of  maximum  efficiency  is  found  to  be  L  =  2.46. 
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From  equations  (3')  and  (5')  we  have  also 

E  =  ^ - (9> 

W"  —DM 

where  W"  is  the  power  applied  to  the  generator  running  at  a  fixed 

speed  when  the  motor  is  held  still,  and  D  is  the  decrease  in  the  power 

thus  applied  per  unit  increase  in  the  number  of  revolutions  of  the  motoiv 

the  condition  of  maximum  efficiency  is 

d  E 

=  0,  from  which 


dM 


W" 

.,/  =  -- 


a/(^-T-T- 


where  the  larger  value  of  M  is  to  be  discarded. 

Substitiiting  the  numerical  values  for  G  =  1.000  we  have  M  =  971. 

The  f ormulge  given  in  this  paper  are  of  course  empirical,  but  they  apply 
with  sufficient  precision  to  the  speeds  which  it  is  feasible  to  give  to  dy- 
namos and  motors,  and  have  the  merit  of  being  exceedingly  simple.  While 
they  cannot  claim  the  theoretical  importance  which  attaches  to  those 
recently  given  by  Clausius,*  they  are  much  more  convenient,  and  appar- 
ently are  as  precise  numerically. 

It  is  of  course  understood  that  the  mechanical  efficiency  reached  in  the 
electrical  transmission  of  power  is  only  one  of  the  elements  involved  in 
discussing  the  question.  In  comparing  different  methods  of  applying 
power,  the  real  thing  of  interest  is  not  mechanical  efficiency  of  electrical 
or  steam  machinery,  but  the  amount  of  useful  work  to  be  obtained  for  a 
dollar,  taking  into  account  the  interest  on  the  investment  and  the  cost  of 
operation.  In  some  cases,  as  in  elevated  railroads,  these  latter  elements 
are,  perhaps,  even  more  important  than  the  matter  of  efficiency,  as  has 
been  well  pointed  out  to  you  by  Dr.  Adams. 


INTERLOCKING. 


By  Isham  Randolph,  Member  of  the  Western  Society  op  Engineers. 
[Read  September  16,  1884.] 


Complying  with  the  wishes  of  this  Society,  as  expressed  by  a  vote, 
requesting  me  to  give  in  writing  the  substance  of  my  remarks  explana- 
tory of  the  models  and  drawings  which  I  submitted  for  the  consideration 
of  the  members  present  at  our  194th  meeting,  I  offer  the  following  : 

The  particular  branch  of  interlocking  which  we  have  to  consider  is  that 
of  switches  with  semaphores.  On  our  lines  (the  C.  &  W.  I.  and  the  Belt 
Railway  of  Chicago)  there  are  numerous  points  where  cross-over  tracks 
and  yard  connections  with  main  tracks,  etc.,  etc.,  need  the  kind  of  pro- 
tection which  we  are  about  to  consider.  This  protection  could  be  afforded 
by  some  one  of  the  many  expensive  methods  now  offered  to  the  railroad 
public,  but  the  attendant  outlay  deterred  our  people  from  adopting  any 
of  these.  In  view  of  our  needs,  my  mind  became  very  much  absorbed 
with  the  problems  involved,  and  my  inventive  faculties  were  bent  to  the 

*  Philosophical  Magazine,  .January  and  February  numbers,  1884,  and  supplementary 
number  June,  1884. 


INTERLOCKING. 


31 


-o= 


task  of  supplying  the  long-felt  want.  I  think  that  I  have  succeeded  in 
my  efforts  to  devise  mechanism  simple,  positively  reliable  in  its  action 
and  economical  in  cost,  as  demonstrated  by  actual  tests  extending 
through  many  months.  I  will  not  weary  you  with  a  recital  of  the  steps 
whicli  led  up  slowly  and  laboriously  to  these  results,  but  will  at  once 
state  in  brief  what  I  set  out  to  accomplish,  and  then  turn  to  the  draw- 
ings. I  desii'ed  to  protect  one  /.  ^ 
or  more  switches  with  a  sin- 
gle semaphore,  using  but  one 
connecting  cable  and  contriv- 
ing the  levers  which  operated 
the  semaphore  by  means  of 
this  cable  so  that  when  the 
semaphore  showed  safety,  or 
a  clear  main  track,  the 
switches  leading  into  said 
main  track  should  be  locked 
by  the  lower  extremities  of 
the  levers  ;  making  it  neces- 
sary when  it  was  desired  to 
set  any  one  of  the  switches 
along  this  single  cable  for 
side  track  or  cross-over  to  liull 
a  pin,  which  act  should  re- 
lease the  lever  and  i)ermit 
the  semaphore  to  go  to  dan- 
ger and  unlock  the  switch 
where  the  pin  was  pulled. 
Next,  the  act  of  changing  the 
position  of  the  switch  must 
so  engage  the  lever  in  its  new 
I)0^ition  as  to  make  it  impos- 
sible to  draw  the  semaphore 
blade  back  to  the  position  of 
safety  until  the  switch  is 
again  set  for  the  main  track, 
when  the  lever  may  be  drawn 
hack  and  made  fast  with  its 
pin  again,  locking  the  switch 
in  its  position  for  a  clear  main 
track.  Now  let  us  turn  to 
the  drawings. 


Side  View  of  Semaphore. 

Explanation.— The  shaft  to  which  the  blade  B 
is  fixed  is  operated  by  a  sprocket  wheel.  The 
cable  extending  from  the  switch  lever  fastens  to 
a  link  belt  passing  over  the  sprocket  wheel,  aud 
weighted  so  that  when  the  lever  at  the  switch  is 
released,  the  blade  is  raised  by  the  weight  to  a 
horizontal  position,  and  the  platform  upon  which 
the  lamp  L  rests  is  pushed  forward  until  it  is  be- 
neath the  hood  H.  and  the  light  shining  through 
the  red  lenses  of  the  hood  gives  the  danger  signal. 


Those  upoQ  the  larger  scale  (1.2"=!')  show  in  plan  and  side  view  the 
mechanism  and  application  of  level's,  triggers  and  hooks,  while  the  small 
plan  and  side  view  (scale  Jg"=l')  illustrates  the  whole  system  as  applied 
to  a  series  of  switches.  The  arrangement  at  the  end  of  the  cable  farthest 
from  the  semaphore  is  shown  at  A  (see  side  view,  large  scale).  L  is  the 
lever  in  its  vertical  position,  with  the  end  below  the  fulcrum  engaged  by 
the  lugs  1 1  on  the  switch  rod  it!  (see  plan  for  position  of  lugs  on  rod).  The 
withdrawal  of  the  pin  from  p  frees  the  lever,  which  is  drawn  forward  to 
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the  position  U  (shown  in  dotted  lines)  by  tension  exerted  upon  the  cable 
by  weights  attached  at  the  semaphore  end  thereof.  This  leaves  the 
switch  free  to  move  ;  if  the  movement  of  the  crank  is  in  the  direction  in- 
dicated in  plan  A,  the  switch  rod  in  passing  from  the  position  R  to  that 
indicated  by  the  dotted  hnes  R'  strikes  against  the  pall  or  trigger  T  and 
throws  it  forward  into  the  position  T' ,  so  that  it  engages  the  notch  shown 
in  the  lever  just  above  its  fulcrum,  securely  holding  the  lever  in  the 
position  L'  and  making  it  impossible  to  draw  the  semaphore  blade  back 
to  the  vertical  or  safety  position.  If  after  drawing  the  pin  from  p  the 
switch  crank  had  been  turned  in  the  direction  opposite  to  that  just  de- 
scribed as  R"  in  B,  the  rod  would  have  engaged  the  hook  H  in  its  posi- 
tion H',  which  is  equally  effectual  in  preventing  a  movement  of  the  lever 
back  to  its  vertical  position.  The  turnbuckle  T  B  is,  used  to  adjust  the 
length  of  the  cable  to  meet  the  variation  caused  bj'  changes  of  tempera- 
ture. 

We  now  pass  to  the  second  switch  at  B  with  its  apparatus.  The  ar- 
rangement of  lugs,  trigger  and  hook  is  identical  with  that  just  described 
at  A.  The  difference  between  the  rest  of  the  device  and  that  just 
described  consists  in  the  shape  of  the  case  inclosing  the  mechanism 
and  the  addition  of  sheaves  1,  2,  o,  arranged  in  the  form  of  a  triangle.  The 
lever  L  is  cleft  to  receive  the  sheave  2.  The  use  of  these  sheaves  is  simple 
in  the  extreme.  The  cable  passes  from  A,  as  shown,  beneath  the 
sheave  1,  upward  and  over  sheave  2,  downward  and  under  sheave  3, 
thence  onward  to  the  semaphore;  unless  there  be  intervening  switches 
requiring  i^rotection,  in  which  case  each  switch  is  fitted  with  a  duplicate 
of  the  device  shown  at  B,  and,  as  in  that  case,  the  cable  is  rigged  to 
play  over  the  sheaves  and  thence  onward  to  the  semaphore.  When  the 
pin  is  drawn  at  A  and  the  lever  drops  forward  to  the  position  L' ,  the 
cable  plays  freely  over  the  sheaves  1,  2,  3.  When,  however,  the  switch 
at  A  remains  set  for  the  main  track,  and  it  is  necessary  to  use  B,  the 
pin  is  withdrawn  from  p  (as  in  the  first  instance  at  A),  and  the  lever  L, 
with  its  sheave  2  falls  forward  to  the  position  L',  forming  a  second  tri- 
angle having  the  same  base  and  lesser  altitude,  thus  giving  suflicient 
slack  to  the  cable  to  permit  the  semaphore  blade  to  rise  to  the  horizontaL 
Thus  each  switch  is  made  mechanically  self-protecting,  and  any  person 
using  the  switch  is  obliged  to  set  the  mechanism  which  affords  protec- 
tion in  motion  before  he  can  change  its  position  from  that  of  safety  for 
the  main  track. 

At  the  time  I  exhibited  my  drawings  and  models  my  actual  test  of 
these  devices  was  confined  to  one  locality  where  the  conditions  were 
just  those  illustrated  in  the  drawings,  two  switches  and  one  cable  con- 
necting with  the  semaphore.  Since  then  at  Auburn  Junction  (Seventy- 
fourth  street),  I  have  connected  four  switches  upon  a  single  cable,  and 
they  are  now  in  successful  operation.  What  the  limit,  as  to  number,  of 
switches  that  may  be  jwotected  by  this  method  is,  I  am  as  yet  unable  to 
report.  At  some  future  meeting  I  hope  to  lay  before  you  further  results 
of  my  labors  in  this  field  of  invention,  as  I  have  perfected  a  system  of 
interlocking  levers  for  the  protection  of  railroad  crossings  and  ether 
similar  places.  In  this  I  have  utilized  for  my  purposes  principles  which. 
so  far  as  my  knowledge  goes,  have  never  been  applied  to  this  work  before. 
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The  semaphore  I  use  is  also  of  my  own  devising,  as  nothing  in  that  line 
with  which  I  was  acquainted  exactly  answered  my  piirposes. 

[Note.— The  scale  of  the  drawing  of  the  mechanism  of  the  levers,  etc.,  was  reduced 
arbitrarily,  and  the  author  is  not  responsible  for  the  awkwai-d  ratio  or  for  any  slight  in- 
accuracy.] 


INDEX  DEPARTMENT. 


It  is  proposed  to  furnish,  in  this  department,  as  complete  an  index  as  may  be  of  cur- 
rent engineering  literature  of  a  fragmentary  character.  A  short  note  will  be  appended 
to  each  title,  intended  to  give  sufficient  information  to  enable  the  reader  to  decide 
whether  or  not  it  is  worth  his  while  to  obtain  or  consult  the  paper  itself.  The  index 
will  be  mostly  limited  to  society  and  magazine  articles,  and  special  engineering  reports 
of  general  interest  and  value. 

All  readers  of  the  Journal  are  requested  to  aid  in  making  the  index  as  complete  as 
possible.  All  notices  for  tbis  department,  and  all  matter  to  be  here  indexed,  should  be 
sent  to  J.  B.  Johxsox,  Manager  Index  Department,  Washington  University,  St. 
Louis,  Mo. 

Appliances  designed  and  used  in  connection  with  the  Tennessee  River  Improvement, 
viz.:  Derrick  IFmt7(.  that  lowers  rapidly;  Derr/cfc  (rrappie.  Portable  Drill,  ior  use 
on  iron  lock  gates  ;  Iron  Canal  Lock  Gates  with  solid  and  with  truss -d  girders; 
Balanced  Wickets  designed  to  prevent  leaking;  Inexpensive  Switching  Locomotive; 
Tests  of  Wooden  Beams,  to  show  effects  of  notching  and  mortising,  with  important 
results;  Apparatus  for  testing  the  Strength  of  Explosives,  being  simple  and  inex- 
pensive. All  these  described  and  illustrated.  Rep.  Chf.  of  Engrs.  U.  S.  A.,  1883 
v.  II.,  p.  148.3. 

Bank  Protection  ;  methods  pursued  on^the  Missouri  River,  with  many  cuts  showing 
mattresses  in  jjrocess  of  construction,  mattress  boats,  etc.  Rep.  Chf.  of  Engrs., 
1883,  V.  II.,  p.  1297. 

Bow  Girders  (Trussed  Arches),  hinged  at  crown  and  springing,  maximum  strains  in. 
By  Emmerich  A.  Werner.  Graphically  and  analytically  treated.  Van  Kostrand 
V.  31,  p.  320  (Oct.,  1884). 

Calculating:  Instrument,  or  Cylindrical  Slide  Rule,  a  pamphlet  of  70  pages,  by 
Edwin  Thatcher,  describing  a  patent  device  for  treating  numbers  to  four  significant 
figures,  with  rules  for  its  use.    Van  Nostrand,  New  York. 

Canals,  the  Hennepin,  and  Illinois,  aiid  Michigan,.  Sui-veys  and  estimates,  compari - 
son  of  routes,  etc.     Rep.  of  Chief  of  Eogrs.,  1883,  v.  II.,  p.  17(i3. 

Cament  Tests,  a  Uniform  System  for.  Preliminary  report  by  a  committee  with 
discussion.    Tr.  Am.  Soc.  Civ.  Engrs..  v.  Xni.,p.  53. 

Chemical  Obstructions  in  Iron  Water  Pipe,  describing  sa-nples  in  Philadelphia, 
with /ac  s(»i(7e  lithographic  plate.  By  Col.  Wm.  Ludlow.  Proc.  Engrs.  Clb.,  Philadel- 
phia, V.  IV.,  No.  2,  p.  6.5. 

Combustion  of  Fuel  in  Furnaces  by  Natural  and  by  Forced  Draught.  A  description 
of  a  great  many  exijeriments  made  in  England,  with  results  and  conclusions.  By 
James  Howdon.    Reprinted  from  Iron  in  Van  Nostrand,  v.  3,  p.  248  (Sept..  1884). 

Compensation  for  Railroad  Curve.  By  William  R.  Morley,  with  valuable  discussion 
giving  both  theory  and  practice  on  many  roads.  Tr.  Am.  Soc.  Civ.  Engrs.,  v.  Xlll  , 
p.  188. 

Continuous  G-irder,  Application  of  Theorem  of  Three  Moments  to  Computation  of. 
By  associates  of  the  Royal  Col.  of  Sc.  for  Ireland.  Analytical  and  graphical  treat- 
ment, but  no  improvement  on  American  methods.     The  Engineer,  Sept.  5,  1884. 

Cribs,  Neiv  Arrangement  of  Supersiructive,  for  increased  cheapness  and  strength.  Rep. 
Chf.  of  Engrs.,  1883,  v.  II.,  p.  1810. 

Crushing  Strength  of  Ice,  being  account  of  elaborate  expariments  by  the  govern- 
ment.   Col.  Wm.  Ludlow.    Proc.  Engrs.  Clb.,  Philadelphia,  v.  IV.,  No.  2,  p.  93. 
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HredLgins  <tl  OrMani  Harbor,  Ctl.,  being  an   account  of  extensive  operations  where 
the  material  is  putnpsd  up  and  forcsd  through  long  lines  of  pipe  to  the  deposit  beds. 
With  plate.    Tr.  Am.  Soc.  Civ.  Engrs.,    v.  XIIL,  p.  9. 
Flood  Heights  in  Rivers,  as  affected  by  the  destruction  of  forests.     By  Thos.  P. 
Roberts,  with  discussion  and  plates.    A  large  mass  of  data  with  important  conclu- 
sions.   Tr.  Engrs.  Soc.  West.  Penn.,  Pittsburg,  1884. 
Flow  of  Water  through  Turbines  and  Screw  Propellers.     Paper  read  before  British 
Asso.  at  Montreal,  1884,  by  Arthur  Rigg,  of  London.      Discussion  based  on  empirical 
data.     The  Engineer  tor  Sept.  i;.',  1884. 
Foundations  of  the  new  Capitol  at  Albany,  described  by  the  Engineer,  William  Jarvis 
McAlpine,  in  a  paper  to  the  Inst,  of  Civil  Engrs.,  showing  in  detail  how  he  was  enabled 
to  obtain  uniform  unit  pressure  under  all  parts  of  the  structure.     Reprinted  in  Van 
Nostrand,  vol.  31,  p.  242  (Sept.,  1884). 
Healthy  Foundations.    By  Glenn  Brown,   Arch.    A  senes  of  articles  elaborately 
treated  and  illustrated   in   T]t,e  Sanitary  Engineer,  New  York,   vol.    10,  running 
through  many  numbers. 
Heating  and  Ventilation  of  School  Rooms,  as  practiced  in  France.    Summary 
of  Uie  practice  adopted  m  accordance   with  plans  proposed  by  Society  of  Public 
Medicine  and  Professional  Hygiene.     Sanitary  News,  Chicago,  v.  IV.,  p.  132. 
Hydraulic  Tables  to  facilitate  computations  by  BI.  Du  Buat's  formula  expressed  in 
Eiig.   inches,  giving  results  slightly  less   than  Neville's  Tables.    Proc.  Am.  Water 
Works  Asscn.,  1884.    J.  11.  Decker,  Secy.  Hannibal,  Mo. 
Illuminating  Power  of  G-as.     nstruments  for  testing— not  a  photometer— full  illus- 
trations.    TJte  Engineer,  Sept.  19,  1884. 
Jetties  at  the  Mouth  of  the  Mississippi  River.    Surveys  and  examinations  for  1883,  with 
numerous  charts  and  plates  showing  their  effect  on  shoaling  beyond  their  mouth, 
etc.    Rep.  Chf.  of  Engrs.,  U.  S.  A.,  1883,  v.  I.,  p.  1031. 
Leveling,  Precise.    Reports  on  field  methods,  with  results,  discrepancies,  elevations 
and  descriptions  of  bench-marks,  from   Biloxi,  Miss.,  to  Cirrolton,  La.,  and    from 
.Cairo,  III.,  to  Fulton,  111.     Rep.  Miss.  Riv.  Commission,  St.  Louis,  1883,  p.  48. 
Mechanical  Engineering:  the  outline  of  a  course  of  instruction,  with  arguments  by 

Robt.  H.  Thurston,  Jour.  Fr.  Inst.  v.  CXVIIL,  p.  188  (Sept.,  1884). 
Mississippi  River  Bottoms,   Geology  of.     Being  a    report  on  numerous  borings 
made  throughout  the  lower  river  bottoms,  w.ith  important  conclusions.     Rep.  Miss. 
Riv.  Com.,  St.  Louis,  3  883,  p.  479. 
Mississippi    River   Improvement.    Methods  employed  on  the  Miss.  River  below 

Cairo.    Rep.  Bliss.  Riv.  Com.,  St.  Louis,  1883,  pp.  349-478. 
Natural  Gas.    Report  of  a  committee  of  the  Engrs .  Soc.  of  West.  Penn.,  Pittsburgh, 
on  its  composition,  utilization,  illuminating  and  heating  power,  explosibility,  etc., 
with  discussion  made  May  21,  1884. 
Pile-Driving  in  Sandy  Soils.    An  elaborate  i-eport  on  the  methods  employed  on 
the  Blississippi  River  and  elsewhere,  comparisons  of  methods  by  water  jet  and  steam 
hammer,  with  suggestions  for  further  improvements.    By  Lt.  F. V.  Abbot.  Rep.  Chf. 
of  Engrs.,  U.  S.  A.,  1883,  v.  II.,  p.  1249. 
Pontoon  Railway  Bridge  across  the  Miss.  Riv.  at  Prairie  du  Chien.    Description, with 

plates  and  discussion.    Tr.  Am.  Soc.  Civ.  Engrs.,  v.  XIII.,  p.  67. 
Portland  Cement  Tests.  Very  elaborate,  both  as  to  times  allowed  for  setting  and  as 
to  composition.    Results  plotted.    Very  valuable  record.    Rep.  Chf.  of  Engrs.,  1883, 
V.  II.,  p.  1849. 
Potom.ac  River  Flats  in  front  of   Washington,  a  complete  history  of    the  river's 
changes  for  100  years,  an  account  of  all  former  attempts  at  reclamation,  a  history 
of  the  long  bridge  and  its  effects,  together  with  a  full  account   of   the  methods  now 
in  operation  for  reclaiming  them.     Rep.  Chf.  of  Engrs.,  U.  S.  A.,  1883,  v.  I.,  p.  770. 
Railroad    Earthwork.    Diagrams  and    tables    for    simple   and  compound    forma- 
tions.   By  Edward  Thiange  and  J.  M.  Riidiger,  together  with  graphical   determina- 
tion of  haul.    Pro.  Engrs.  Clb.,  Phil.,  v.  IV.,  M.  2,  pp.  67-92. 
Reservoirs,  at  Head  Waters  of  the  Mississippi  River.    A  progress  report,  with  cross- 
sections  of  dams,  estimates  of  cost,  etc.    Rep.  of  Chf.  of  Engrs.,  1883,  v.  II.,  p.  1455. 
River   Discharge.    Reports  on  methods  and  results  of  eight  parties    on  the  Miss. 
River,  each  for  one   year's  observations,  1881  and  188v',  together  with  computed 
daily  discharges  of  the  river  at  many  other  points  for  the  year  1882.    Rep.  Miss. 
Riv.  Com.,  St.  Lc/uis,  1883,  p.  178. 
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Eoof  Truss,  of   the  Fiuk  pattern,  with  tie  rod,  analyzed   graphically  by  using  the 

efiuilibrium  polygon  in  place  of  the  Maxwell  diagrams.    By  De  Volson  Wood,  in  Van 

Nostrand,  v.  31,  p.  177 (Sept.,  1884). 
Ship  Canal  to  connect  Chesapeake  and  Delaware  Bays.    Surveys,  borings,  estimates, 

comparison  of  routes,  specifications,  etc.    Rep.  Chf.  of  Engrs.  U.  S.  A.,  1883,  Vol.  I., 

p.  73.5. 
Softsn.ing'  of  Watei'.   By  Baldwin  Latham.  Various  methods  now  employed,  including 

(."lark's  process.    Van  Mostrand,  v.  31,  p.  311  (Oct.,  1884). 
Stsam  Boilers,  their  construction,  setting,  and  managera-iut.    By  L.  C.  Burwell,  with 

discussion.    Tr.  Engrs.  Soc.  West  Penn.,  Pittsburg,  1884. 
Street  Paving'.    Report  of  Board  of  Experts  (Q.   H.  Gilmore,   F.  V.  Green   and  E.   P. 

North)  on  repaving  the  streets  of  Philadelphia,  with  recommendations  as  to  kinds 

of  pavement  to  be  used.    Jour.  Fr.  Inst.  CXVIII.,  p.  2 LO  (Sept.,  1884),  and    in   other 

current  publications. 
Structural  Steel.    Being  a  summary  of  results  of  an  elaborate  investigation  into  the 

relative  merits  of  different  kinds  of  steel  for  structural   purposes.     By  Edw.  B. 

Dorsey,  with  discussion.    Tr.  Am.  Soc.  Civ.  Engrs.,  v.  XIII.,  p.  41. 
Telegrx'aphy,  St/nchronous  Multiplex.    Being  an  account  of  the  operation   of  a  line 

between  Boston  and  Providence,  capable  of  simultaneous  use  of  seventy-tivo  6is,tinct 

circuits  over  one  wrjre  ;  or  into  six  slow,  or  twelve  fast  Morse  circuits  ;  or  into  thirty- 
six  or  seventy-two  printing  circuits.  Illustratsd.    By  Prof.  Eriwin  J.Houston.  Jour. 

Fr.  Inst.,  V.  CXVIII.,  p.  161  (Sept.,  1884). 
Telpherag'e.    An  illustrated  account  of  Prof.  Fleeming  Jenkins'  telpherage  system,  or 

transportation  on  suspended  lines,  by  means  of  electricity.    Mechanics,  New  York, 

September,  1884. 
Temperature  of  Water,  at  Various  Depths,  in  Reservoirs,  Lakes  and  Oceans.    By 

Hamilton  Smith,  Jr.,  with  discussion.    Tr.  Am.  Soc.  Civ.  Engrs.,  v.  XIII.,  p.  73. 
Testing-  Current  Meters.    By  Robert  Gordon.    Paper  read  before  the  British  Inst,  of 

Mech.  Engineers.     Illustrated.     Mechanics,  New  York,  July,  1884. 
Testing  Dynamo-Electric  Machines.    An  account  of  elaborate  experiments,  with 

cuts  of  apparatus  used  by  Alabaster,  Gatehouse  &  Co.,  London,  copied  from  Engi. 

neering  in  September  No.  of  Mechanics,  New  York. 
Topographical  Surveys.    On  the  necessity  of  co-operation  between  the  National  and 

State  Governments  for  this  purpose— the  arguments  well  stated,  and  facts  of  foreign 

topographical  surveys  given.    By  H.   F.  Walling.    A  paper  read  before  the  Am . 

Soc.  of  Civ.  Eagrs.,at  the  recent  Buffalo   meeting.    Van  Nostrand,  v.  31,  p.  331 

(Oct.,  1884). 
Water  Mains,  Laid  wider  Streams.     Describing   methods,   with  cuts.    Proc.   Am. 

Water-Works  Assn.,  1884.    J.  H.  Decker,  Secy.,  Hannibal,  Mo. 
Water   Power,  with  High  Pressures  and  Wrought-Iroii  Pipes.    Giving  methods   of 

utilizing  small  flow  under  great  heads,  as  found  in   the  mining  regions,  with  plates 

and  discussion.    By  Hamilton  Smith,  Jr.    Tr.  Am.  Soc.  Civ.  Engrs.,  v.  XIII.,  p   15. 
Water  Supply  of^  Philadelphia.    Report  on  surveys  for  new  supply.    By  Rudolph 

Hering.      Jour.   Fr.  Inst.,  v.   CXVIII.,  p.   138.    August,  September  and  October, 

1881. 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS, 


September  17,  1884:— A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers  was 
held  in  Wesleyan  Hall,  at  8  p.  m.,  Vice-President  L.  Frederick  Rice  in  the  chair  ;  twenty 
members  and  two  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  Committee  appointed  by  the  President  to  consider  the  matter  of  Amendments  to» 
the  Constitution  relating  to  dues  presented  the  following  report  : 

ARTICLE  XIV. 

Any  person  duly  elected  shall  become  a  member  on  subscribing  his  name  to  the  Con- 
stitution and  paying  ten  dollars  to  the  Treasm-er. 

ARTICLE  XV. 

Members  shall  be  liable  for  the  payment  of  such  assessments  as  shall  be  voted  by  the 
Society  ;  except  that  during  residence  80  Km.  or  more  from  Boston,  any  member  whose 
dues  have  been  fully  paid,  and  who  shall  give  written  notice  to  the  Secretary,  may 
thereby  be  exempted  from  any  assessment  levied  before  the  next  annual  meeting,  and,, 
by  the  payment  of  $3  at  or  before  the  annual  meeting,  may  retain  his  membership  and 
be  exempted  from  any  assessment  during  the  year  following  such  annual  meeting,  or 
for  any  less  period  that  his  non-residence  shall  continue. 

ARTICLE  XVI. 

Honorary  members,  having  been  nominated  as  required  in  Article  XII.,  may  be 
elected  by  a  unanimous  vote.  They  shall  be  subject  to  no  fees  or  assessments.  They 
may  attend  any  meetings  of  the  Society,  but  shall  not  be  entitled  to  vote. 

ARTICLE  5— BY-LAWS. 

5.  Ten  months  after  an  assessment  is  levied  the  Secretary  shall  send  the  following 
notice  to  any  members  who  have  not  paid  the  same  nor  been  exempted  from  payment : 
Dear  Sir  : 

Your  assessment,  levied not  having  been  received,  in 

conformity  to  the  by-laws,  your  attention  is  hereby  called  to  Art.  XVHI.  of  the  Consti- 
tution, which  is  as  follows : 

article  XVITI . 

Any  member  who  does  not  pay  his  assessment  within  eleven  months  after  it  is  levied 
shall  cease  to  be  a  member,  but  his  debt  to  the  Society  shall  not  thereby  be  discharged. 

L.  Frederick  Rice,  | 
Frederick  Brooks,  V Committee. 
E.  W.  Howe,  ) 

On  motion  it  was  voted  that  the  report  of  the  Committee  be  accepted  and  the  Com- 
mittee discharged. 

On  motion  it  was  voted  that  the  proposed  articles  be  considered  separately. 

On  motion  it  was  voted  that  Article  XiV.  of  the  Constitution  be  stricken  out  and  pro- 
posed Article  XIV.  be  substituted. 

Affirmative,  twenty;  negative,  zero. 

On  motion  it  was  voted  that  Article  XV.  of  the  Constitution  be  numbered  XVI.. 
Affirmative,  nineteen;  negative,  zero. 

On  motion  it  was  voted  that  j^roposed  Article  XVI.  of  the  Constitution  be  stricken  out 
and  proposed  Article  XV.  be  amended  by  substituting  50  miles  for  80  kilometers. 

On  motion  it  was  voted  that  proposed  Article  XV. ,  as  amended,  be  adopted.  AfTirmiL- 
tive,  13;  negative,  4. 
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On  motion  it  was  voted  that  Article  5  of  tlie  By-Laws  be  stricken  out  and  proposeif. 
Article  5  be  substituted. 

On  motion  it  was  voted  that  the  Treasurer  be  authorized  to  pay  $4  of  the  membership 
fee  due  from  H.  F.  Walling,  who  has  been  a  member  of  the  Society  and  withdrawn  in 
good  standing. 

Jlr.  M.  M.  Tidd  was  proposed  for  membership,  recommended  by  Messrs.  Henry  Manley 
and  Alexis  H.  French. 

Mr.  George  H.  Crafts  was  proposed  for  membership,  recommended  by  Messrs.  F.  P. 
Steams  and  Seth  Perkins. 

Mr.  Desmond  Fitz  Gerald  addressed  the  Society  on  "  Rain  Gauges  and  Self  Recording 
Apparatus." 

Mr.  Frederick  Brooks  read  a  paper  on  "  The  Theory  of  the  Polar  Planimeter,"  refer- 
ring to  a  paper  read  at  one  of  the  early  meetings  of  the  Society. 

(Adjourned.)  H.  L.  Eaton,  Secretary. 


VISIT  OF  THE   SOCIETY  TO  THE   IMPROVED   SEWERAGE  WORKS. 

On  Wednesday  afternoon,  August  ~7,  the  Society  visited  the  works  of  the  Improved 
Sewerage  in  accordance  wich  arrangements  made  by  the  Committee  on  Excur- 
sions. 

The  party,  which  numbere  1  about  fifty-three  members  and  invited  guests,  started 
from  Long  Wharf  and  went  first  to  the  pumping  station,  where  they  witnessed  the  work- 
ing of  the  large  Leavitt  and  Worthington  pumps  and  the  raising  of  the  "filth  cages." 
The  sewage  was  also  inspected  where  it  flows  from  the  force  mains  into  the  tank  sewers 
and  where  it  enters  the  west  sliaft  of  the  tunnel. 

The  next  place  visited  was  Moon  Island,  where  the  reservoir  gate-houses  and  other 
works  were  examined  and  the  discharge  of  the  sewage  stored  since  the  previous  tide  was 
viritnessed.    From  Moon  Island  the  party  returned  to  the  city. 

The  trip  from  point  to  point  was  made  on  the  steamer  Tourist,  which  was  placed  at  the 
disposal  of  the  Society  through  the  courtesy  of  C.  W.  Raymond,  Major  of  Engineers 
U.  S.  A. ,  member  of  the  Society ;  and  the  day  being  pleasant  the  trip  proved  to  be  enjoy- 
able as  well  as  instructive. 

The  excursion  was  under  the  immediate  direction  of  Mr.  F.  P.  Stearns,  to  whom  tho 
Society  is  greatly  indebted  for  arrangements  which  were  made  for  the  trip .  The  Society 
is  also  under  great  obligation  to  Maj.  C.  W.  Raymond  for  the  use  of  the  steamer  Tourist. 


VISIT  OF  THE     SOCIETY  TO  ECHO   BRIDGE,  NEWTON    UPPER  FALLS,    SUDBURY    RIVER    CONDUIT. 
AND  CHESTNUT  HILL  RESERVOIR. 

On  the  afternoon  of  September  17  some  30  members  of  the  Society  accepted  the 
invitation  of  the  Committee  on  Excursions  and  visited  the  Echo  Bridge  over  the  Charles 
River  at  Newton  Upper  Falls. 

After  examining  the  bridge  the  party  was  taken  in  boats  through  the  Sudbury  River 
Conduit  from  Newton  Upper  Falls  to  Chestnut  Hill  Reservoir. 

At  the  Reservoir  the  party  was  shown  the  terminal  chamber,  the  rain  guages,  and 
self-recording  apparatus  connected  therewith. 

The  party  was  under  the  immediate  direction  of  Mr.  Desmond  Fitz  Gerald,  Superin- 
tendent of  the  Western  Division,  Boston  Water-Works,  to  whom  the  members  were 
indebted  for  a  very  pleasant  and  instructive  excursion .  H.  L.  Eaton,  Secretary. 


This  Society  is  not  responsible  as  a  body  for  the  statements 
and  opinions  advanced  ui  any  of  its  publications. 

Ninth  Report  of  the  Committee  on  the  Metric  System  of  Weights  and  Measures, 

To  THE  Boston  Society  of  Civil  Engineers  : 

Bill  in  Congress. 
Your  committee,  instructed  March  16,  1881  to  "  gather  from  time  to  time  and  present. 
to  the  Society  all  attainable  information  relative  to  the  introduction  of  the  metric  sys- 
tem," has  to  sav  that  in  the  national  House  of  Representatives,  June  30, 1884.  there  wa& 
introduced  from  the  Connmittee  on  Coinage,  Weights  and  Measures,  and  is  now  pending, 
a  bill  (of  which  a  copy  IS  annexed)  requiring  the  Governmetit  Departments  to  use  the 
metric  system  from  March  4,  1889.  Two  things  remain  to  be  done  :  to  pass  the  bill,  and 
to  carry  its  provisions  into  effect. 
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First,  such  a  bill  will  be  passed  when  every  Congressman  knows  that  his  constituents 
demand  it.  Hence  every  citizen  is  advised  to  mail  to  his  Representative,  or  to  any  other 
Representative  with  whom  he  may  be  better  acquainted,  addressing  House  of  Repre- 
sentatives, Washington,  D.  C,  his  petition,  either  in  the  simple  form  appended  to  this 
report  or  in  any  other  form.  Under  tbe  rules  such  petitions  are  referred  to  the  Com- 
mittee on  Coinage,  Weights  and  Measures,  which  has  charge  of  the  bill.  If  the  press  of 
busine.^s  should  prevent  the  present  Congress  from  acting  on  it,  the  next  Congress  can 
be  memorialized,  and  as  new  Congresses  come  in  every  two  years,  they  can  be  succes- 
sively appealed  to  until  some  enactment  is  made . 

Secondly,  to  get  the  proposed  law  so  carried  into  effect  as  to  do  the  most  good 
requires  an  acquaintance  with  the  metric  system  by  the  people  with  whom  the  govern- 
ment deals  as  well  as  by  the  government  officers  ;  it  requires  that  the  metric  system 
should  be  generally  adopted  in  private  transactions  at  the  same  time  as  in  governmental 
tran.sactions  or  as  rapidly  as  possible  thereafter  ;  it  requires  that  between  now  and  the 
date  to  be  fixed  by  the  enactment,  the  preparatory  steps  of  the  change  should  be 
deliberately  and  carefully  made  in  all  other  classes  of  measuring  as  they  have  already 
been,  or  are  now  being  made  in  various  branches  of  work  specified  in  the  several 
reports  of  your  committee  during  the  past  nine  years. 

Recent  Progress. 

Since  its  last  report  a  few  additional  particulars  of  this  gradual  progress  have  been 
•collected,  some  of  little  significance,  some  of  much. 

Electrical  science,  whose  appli";ations  are  now  being  marvelously  developed,  has  its 
imits,  the  o/(jH,  roZi,  etc.,  founded  on  the  metric  measures.  The  basis  for  the  system 
ivas  furnished  by  a  committee  of  the  British  Association  for  the  Advancement  of  Science. 
At  an  international  convention,  which  met  at  Paris  in  April,  1884,  where  there  were  nine 
delegates  deputed  by  the  British  Government,  and  where  the  United  States,  Russia. 
Persia,  China  and  Japan  were  also  among  the  nations  represented,  it  was  agreed,  after 
ample  discussion,  that  the  legal  ohm  is  the  resistance  of  a  column  of  mercury  one 
square  millimeter  in  cross-section,  and  108  centimeters  in  length  at  the  temperature  of 
melting  ice.  This  and  other  units  connected  with  the  centimeter,  gram  and  second  were 
indorsed.  The  American  Electrical  Conference  called  together  in  Philadelphia,  8th 
September,  ISS-t,  for  the  purpose,  among  other  things,  of  taking  authoritative  action 
respecting  these  electrical  standards,  favored  their  adoption,  and  deemed  it  of  national 
importance  that  Congress  should  fix  .standards  of  electrical  measures. 

At  Minneapolis  flour  is  put  up  in  bags  of  50  kilos  and  100  kilos  for  exportation  to  the 
continent  of  Europe. 

The  Barnes  micrometer  caliper,  patented  in  1883,  for  measuring  wire,  etc.,  is  adver- 
tised by  A.  J.  Wilkinson  &  Co.,  of  this  city,  graduated  either  in  metric  measure  or  in 
decimals  of  an  inch. 

An  important  step  preparatory  to  the  free  use  of  the  metric  s.ystem  is  the  publication 
in  metric  measure  of  such  reference  books  and  tables  of  data  as  are  commonly  used  in 
various  professions  and  trades.  Its  gradual  introduction  in  such  places  comes  within 
almost  evei-y  one's  observation.  In  the  table  issued  by  the  Iron  and  Steel  Wire  Manu- 
facturers' Association;  England,  giving  sizes,  weights  and  breaking  strains  of  iron  wire 
according  to  the  imperial  standard  wire  gauge,  established  March  1,  1884.  diameters  are 
given  in  millimeters  as  well  as  in  inches.  Metric  expressions  of  quantity  appear  very 
frequently  upon  the  pages  of  the  ninth  edition  of  the  Encyclopaedia  Brittanica,  now  in 
course  of  publication,  but  were  found  scarcely  anywhere  in  the  eighth.  In  the  fortli- 
coming  edition  of  Henck's  Field  Book  for  Railroad  Engineers,  a  table  of  metric  railway 
cm-ves  is  for  the  first  time  inserted. 

W.  S.  Fortescue  &  Co.,  of  Philadelphia,  have  recently  published  Metrical  Tables,  sim- 
ply arranged  on  a  large  sheet,  by  Olin  H.  Landreth,  professor  of  engineering  in  Vander- 
bilt  University,  Nashville,  Tenn. 

In  the  Transactions,  published  by  the  Association  of  Engineering  Societies,  there  have 
been  up  to  the  present  time  1 18  papers  containing  expressions  of  weight  or  measure  ;  8 
of  these  have  used  the  metric  system  chiefly  or  wholly  ;  i:?  others  have  contained  metric 
in  addition  to  old  denominations  ;  the  remaining  97  contained  only  the  old  weights  and 
measures,  among  others  the  4-rod  chain  with  its  link,  the  front  foot,  the  square  (of  100 
square  feet),  the  miner's  inch  of  running  water,  the  perch  of  masonry,  the  bushel  of 
■coal  and  of  grain,  the  fluid  ounce,  the  minim,  two  different  tons,  the  troy  ounce  and  the 
drachm. 
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The  Civil  Engineer's  Way. 

A  step  that  the  engineer  has  frequently  taken,  and  can  perfectly  well  take  withour 
waiting  for  his  neighbors,  or  for  legislation,  is  to  add  a  metric  linear  scale  to  all  the  plans 
drawn  in  his  office. 

In  land  surveying  not  connected  with  iDrevious  work  and  not  to  be  directly  followed  by- 
construction,  such  surveying,  for  example,  as  is  often  done  for  determining  areas  of 
making  plans  and  descriptions  for  record,  metric  measures  may  easily  be  used  in  the 
field.  Some  cases  in  which  they  have  been  used  have  been  mentioned  in  previous  reports. 
A  new  case  is  the  surveying  of  some  plantations  near  West  Point,  Virginia,  during  the 
present  year  by  Mr.  F.  E.  Montague,  who  had  to  reduce  all  his  results  to  old  denomina- 
tions for  the  accommodation  of  the  conservative  landholders. 

Another  introductory  step  that  engineers  would  do  well  to  take  is  to  abandon  the 
U.  S.  gallon  in  water  computations  as  a  worthless  unit.  American  water-meters  read  in 
cubic  feet;  the  city  of  Boston  measures  water  with  them  and  makes  out  consumers'  bilfs 
in  cubic  feet.  To  supply  incongruity,  the  paper  on  which  the  city  of  Boston  takes  the 
diagrams  of  its  Deacon  waste  water  meters  is  ruled  to  read  U.  S.  gallons  and  the  reports 
of  the  Boston  Water  Board  give  in  U.  S.  gallons  statistics  of  consumption,  quantities 
pumped,  contents  of  reservoirs  and  flow  of  streams,  which  means  that  somebody's  labor 
was  expended  in  computing  the  figures  from  dimensions  measured  in  feet  and  inches. 
The  liter  would  be  no  more  awkward  than  the  U.  S.  gallon  is  in  its  relations  to  most  of 
the  other  kinds  of  measure  used  for  similar  purposes,  as  is  shown  by  the  little  table 
below  giving  their  equivalents. 


Number 
Cu.  inches.      in  a 

I    cu.  ft. 


U.  S.  gallon. 
Liter 


231. 
61.025 


7.4805 
28.316 


Number 

in  a 

U.  S. 

bushel. 


9.3092 
35.238 


Pounds 

of 
water. 


8.3452 
2.2046 


Fraction 

of 
British 
gallon. 

.83311 
.22009 


Number 
in  a  cu. 
meter. 


264.1^ 
1000.00 


Kilos 

of 
water. 


The  "  Winchester"  or  U.  S.  gallon  was  abandoned  by  Great  Britain  about  60  years  ago- 
It  is  frequently  a  fictitious  unit,  1  cu.  ft.  making  7}4  nominal  gallons,  instead  of  7.4805+ 
U.  S.  gallons,  or  1}^  cu.  ft.  per  second  makmg  1,000,000  nominal  gallons  per  day 
instead  of  969,475  U.  S.  gallons:  in  either  of  which  cases  the  spurious  unit  apx^ears  to  be 
quite  superfluous;  if  a  certain  number  of  cu.  ft.  is  meant,  why  should  it  not  be  said  ? 

In  water  analysis  the  old  custom  of  stating  the  amount  of  impurities  in  grams  per 
gallon  is  giving  place  to  the  expression  in  parts  per  1,000  for  mineral  waters,  and  m 
parts  per  1,000,000  or  per  100,000  for  potable  waters;  the  latter  has  been  used  more 
commonly,  but  parts  per  1,000,000  have  the  advantage  of  corresponding  to  milligram* 
per  liter  or  grams  per  cubic  meter. 

Mr.  Rudolph  Heriug,  hydraulic  and  -  sanitary  engineer,  of  Philadelphia,  frequently 
uses  the  metric  system  in  his  private  work  to  simplify  caiculation,  translating  his 
results  when  necessary  into  old  denominations. 

What  is  the  Use  ? 

Discussion  of  the  metric  reform  has  digressed  so  that  the  chief  benefits  it  promises 
are  in  danger  of  being  lost  sight  of.  Besides  being  a  system  (which  our  unrelated  old 
weights  and  measures  notoriously  are  not),  the  metric  system  is  decimal,  and  has  the 
same  advantage  as  our  decimal  money,  which  was  adopted  by  act  of  Congress  a  century 
ago,  but  which  was  brought  into  complete  use  by  our  people  only  after  years  of  annoy- 
ance from  conflicting  coinages  and  reckonings,  such  an  annoyance  as  inevitably  accom- 
panies the  introduction  of  any  improve ment.  Let  us  now  adopt  the  meter,  gram  and  litei-, 
to  complete  the  process  of  decimalization.  If,  excepting  the  temporary  inconvenience  and 
expense  of  a  change,  there  is  any  reason  why  we  should  adhere  to  the  yard,  pound  and 
gallon,  then  let  us,  for  the  same  reason, return  to  our  hereditary  pounds  steiling,  shil- 
lings and  pence,  and  not  stultify  ourselves  by  acting  inconsistently  in  the  two  simflar 
cases.  There  ought  to  be  a  correspondence  between  our  coinage  system  and  our 
weights  and  measures  for  the  sake  of  convenience,  as  may  be  simply  illustrated.  If 
iron  is  worth  $40  per  metric  ton,  it  is  obviously  worth  4  cents  per  kilo ;  but  if  iron  is  worth 

4000 

$40  per  old  ton,  the  price  per  pound  must  be  ciphered  out  as cents.    If  land  is  worth 
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$1,000  per  hektar,  it  is  obviously  worth  10  cents  per  square  meter  ;   but  if  land  is  worth 
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31,000  per  acre,  the  price  per  square  foot  must  be  ciphered  out  as cents.    Acom- 
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munity  engaged  in  commercial  business  will  And  such  correspondence  vastly  useful. 
Would  we  see  ourselves  as  others  see  us  ?  In  Sweden  in  1848  Mr.  Wallenberg  opposed 
the  decimalization  of  money  without  weights  and  measures,  because  a  visit  of  three 
years  to  America  had  shown  him  how  inconvenient  in  business  is  a  duodecimal  system 
of  weights  and  measures  combined  with  a  decimal  currency. 

That  decimal  subdivision  of  weights  and  measures  is  destined  to  prevail  here  is  a 
plain  inference  from  the  fact  that  decimals  of  the  old  units  are  perpetually  being  used, 
in  spite  of  their  incongruity  with  the  old  established  subdivisions.  Surveyors  have  used 
decimals  of  the  acre  and  decimals  of  the  furlong  (the  chain  still  used  on  United  States 
public  land  surveys  as  well  as  in  England  and  her  colonies),  and  they  now  use  decimals 
■of  the  foot  in  measuring  land  and  in  measuring  vessels  for  tonnage.  Decimals  of  the 
inch  are  used  by  machinists,  on  gauging-rods  for  casks,  to  express  size  of  wire  and 
sheet-metal,  etc.,  etc.  Some  mills  use  decimals  of  the  hour  and  astronomers  use  deci- 
mals of  the  day,  hour  and  minute.  The  British  authorities  provide  standard  small 
weights,  which  are  decimals  of  the  ounce  and  the  grain.  Yet  the  awkward  relation  of 
these  decimals  to  the  other  recognized  subdivisions  is  always  making  trouble.  Much 
more  acceptable,  then,  must  be  decimals  which  are  themselves  the  standard  subdivisions 
and  which  harmonize  with  all  parts  of  a  complete  system  ;  they  are  to  be  had  by 
adopting  the  metric  units.  For  instance,  in  such  handy  volumes  as  Trautwine's  Civil 
Engineer's  Pocket-Book  and  Shunk's  Field  Engineer  are  comprehensive  tables  for 
reducing  inches  and  their  binary  subdivisions  to  decimals  of  a  foot,  also  tables  for  the 
interconversion  of  gradient  expressions  in  decimals  per  100  and  feet  per  mile.  The 
existence  of  these  tables  testifies  that  such  conversions  are  common,  and  that  assist- 
ance is  wanted  to  make  them.  These  things  and  many  others  like  them  can  be  dis- 
pensed with  by  the  adoption  of  the  metric  system  ;  for  everybody  will  know  that  centi- 
meters are  hundreths  of  a  meter,  and  will  no  more  need  a  table  for  the  conversion  thaa 
he  now  does  for  converting  cents  into  decimals  of  a  dollar;  and  every  engineer  will 
know  that  a  gradient  of  15  meters  per  kilometer  is  1}4  per  100,  and  will  no  more  need  a 
table  to  show  it  than  he  now  does  to  show  that  a  tax  of  $15  on  every  $1,000  is  at  the 
rate  of  1J4  per  cent.  So  in  those  odd  classes  of  measure  where  decimals  of  old  units 
have  already  been  thrust,  greater  convenience  will  be  obtained  by  introducing  the  com- 
pletely decimal  system. 

Moreover  that  will  extend  the  benefits  of  decimalization  to  all  other  classes  of  meas- 
ure and  simphfy  their  relations  with  one  another.  Instead  of  laboriously  reckoningthat 
if  rails  weigh  60  pounds  per  yard,  a  niile  of  track  requires 

3  X  60  X  1760 
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old  tons,  we  can  see  at  once  that  if  rails  weigh  .30  kilos  per  meter,  twice  30  metric  tons 
per  kilometer  are  required  for  single  track  consisting  of  two  lines  of  rails.  Contrast  the 
reports  of  sewage  farms  in  England  and  on  the  contiaent  of  Em-ope;  at  one  of  the  latter 
15  liters  of  sewage  per  square  meter  can  be  apphed  to  the  land  per  day,  and  it  is  a  con- 
venience in  calculation  that  this  is  equivalent  to  a  depth  of  15  millimeters  over  the  sur- 
face. If  at  an  English  farm  15,000  imperial  gallons  per  acre  can  be  applied  per  day,  it 
is  not  convenient  to  calculate  the  equivalent  depth  in  inches,  equal  to 

15000  X  377.274 
43560  X  144 
In  pharmacy  an  excellent  example  is  now  set  for  other  business  to  follow.  Prescrip- 
tions have  heretofore  been  written  in  the  mysterious  denominations  of  the  old  apothe- 
caries' tables,  and  with  the  Roman  numeral  letters;  but  a  change  is  now  in  progress  to 
decimal  arithmetic  mth  the  common,  or  Arabic,  figures  and  the  metric  system  of 
weights  and  measures.  Here  is  the  prescription  for  a  mixture  with  quantities  expressed 
in  the  customary  style  in  column  1;  column  2  gives  the  metric  expressions  of  quantity 
to  be  substituted  in  order  to  convert  it  into  a  metric  prescription 

Column  1.         Column  2. 
u  Gramma. 

Quin.  Sulphat gr.  xvi.  1. 

Strych.  Sulphat gr.  ss.  .03 

Acid  Hydroehlor.  Dil in,-   Ixxx.  5. 

Tr.  Zingiberis 3     u.  /.oO 

Tr.  Card.  Co 3    nss.  9.50 

Byrupi 5    ."•  8"- 

Aquam ad      j    iv.  40. 

M.     Sig.    Dose,  a  tablespoonful. 
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In  a  case  of  sickness,  last  summer,  a  lady  tried  to  telegraph  a  prescription  written  in 
the  customary  style,  but  as  neither  she  nor  the  telegraph  operator  understood  the 
expressions  of  quantity,  they  natm-ally  failed  to  communicate  them  correctly,  though 
the  names  of  the  ingredients  were  successfully  transmitted.  If  the  metric  system 
-were  in  use  by  everybody  prescriptions  could  easily  be  telegraphed.  This  incident  is 
one  little  illustration  of  the  really  great  disadvantage  of  weights  and  measures 
peculiar  to  a  special  class  of  business  and  unintelligible  to  persons  outside  of  that 
business.  Into  the  same  category  with  the  scruple  and  minim  of  the  apothe- 
cary must  be  put  the  surveyor's  link,  the  perch  of  masonry,  the  miner's  inch, 
the  jeweler's  carat  and  the  horse-jockey's  hand.  Other  units  are  equally  to  be 
condemned,  if  not  for  the  same  reason:  for  instance  the  U.  S.  gallon  already  spoken  of. 
the  U.  S.  bushel  of  2,150.4S  cubic  inches  and  the  U.  S.  troy  pound  of  5,760  grains,  all  of 
which  Great  Britain  has  abandoned.  If  physicians  and  apothecaries  are  making  a 
•judicious  reform,  let  all  om-  people  do  likewise  and  adopt  che  metric  system  through- 
out. If ,  on  the  contrary,  there  is  any  sufficient  reason  why  we  should  adhere  to  our 
other  hereditary  units,  let  us  for  the  same  reason  urge  our  physicians  and  apothecaries 
to  adhere  to  their  U.  S.  units  (abandoned  by  the  mother  country)  and  to  their  anti- 
quated jargon.  Respectfully  submitted, 

Charles  H.  Swan,     | 

Fred.  Brooks.  [-Committee. 

Oct  15  1884  Clemens  Herschel,  ) 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


October  1^3,  1884 :— This,  the  first  meeting  after  the  Summer  vacation,  was  held  at 
Washington  University.  President  Woodward  explained  the  object  of  the  meeting  being 
called  earlier  than  the  date  to  which  the  Club  had  adjourned,  viz..  November  12.  This 
was  in  order  to  hear  a  paper  which  had  been  prepared,  and  which  was  needed  by  way 
of  necessary  copy  for  the  Journal,  and  also  to  arrange  for  the  work  of  the  ensuing 
year. 

The  minutes  of  last  meeting  were  read  and  approved. 

The  question  was  raised  whether  new  members  could  be  elected  at  this  meeting.  It 
was  decided  by  vote  to  proceed  to  the  regular  order  of  business,  and  a  ballot  was  taken 
on  the  name  of  Mr.  J.  D;  Sanders.    He  was  unanimously  elected. 

The  following  names  were  proposed  for  membership  : 

E.  D.  Libby,  J.  E.  Savage,  Gerald  Bagnoll,  W.  S.  Mitchell,  by  C.  V.  Blersereau  and 
M.  L.  Holman  ;  C.  C.  Brown,  by  J.  B.  Johnson  and  C.  V.  Mersereau  ;  H.  S.  Pritchett,  by 
Robt.  Moore  and  J.  B.  Johnson. 

Communications  were  presented  from  the  Smithsonian  Institute,  asking  for  likenesses 
of  scientific  men,  and  one  from  the  International  Institute  for  Preserving  and  Perfecting 
Anglo-Saxon  Weights  and  Measures.     These  communications  were  ordered  filed. 

It  was  moved  that  a  committee  of  three  be  appointed  on  a  revision  of  the  Constitution. 

Robt.  Moore,  E.  A.  Engler  and  W.  H.  Bryan  were  appointed  on  this  committee,  and 
they  were  instructed  to  report  at  next  meeting. 

Moved  that  a  committee  of  three  be  appointed  on  programme  for  the  coming  year,  of 
■which  the  President  should  be  a  member. 

Robt.  E.  McMath  and  J.  A.  Ockerson  were  appointed  as  the  other  two  members. 

Moved  that  when  the  Club  adjourn  it  be  at  the  call  of  the  President. 

Mr.  J.  B.  Johnson  then  read  a  paper  on  "  The  Creeping  of  Rails  on  the  St.  Lou's 
Bridge. "    The  discussion  of  this  paper  was  postponed  to  the  next  meeting. 

The  Club  then  adjom-ned  to  an  adjoining  building  to  inspect  a  working  model  which 
had  been  prepared  to  illustrate  the  movement  of  rails.  It  was  shown  that  when  the 
rail  rests  on  the  bottom,  and  has  an  independent  wave  motion  of  its  own,  the  rail 
moves  ivith  the  traffic,  but  when  hung  from  the  top,  and  has  this  wave  motion,  it  goes 
ixgainst  the  traffic.  J-  B-  Johnson,  Secretary. 


WESTERN  SOCIETY  OP  ENGINEERS. 


September  16,  1884:— The  194th  meeting  was  held  at  4  p.  m.,  Vice-President 
Wright  in  the  chair. 
The  minutes  of  the  preceding  meeting  were  read  and  approved.     (Minutes  of 
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previous  meeting  should  show  that  Mr.  Saltar  was  indorsed  by  Mr.  Randclpbt 
instead  of  Mr.  Wright,  as  printed.) 

The  Secretary  presented  a  communication  received  from  the  New  York  and 
New  Jersey  Branch  of  the  International  Institute  for  Preserving  and  Perfecting 
Anglo-Saxon  Weights  and  Measures,  asking  the  co-operation  of  the  Society 
with  it. 

The  letter  and  accompanying  papers  were  referred  to  the  Committee  on  Weights 
and  Measures. 

It  was  voted  that  the  bound  volumes  of  the  Transactions  of  the  Society  now 
in  the  library,  with  the  exception  of  five  copies  of  each  volume,  be  distributed , 
without  charge,  to  members  who  have  not  received  copies,  upon  their  application. 

The  following  was  presented  : 

Resolved,  That  the  Secretary  is  hereby  directed  to  send  to  members  whose 
dues  are  still  delinquent  for  the  first  six  months  of  1884,  the  notice  contemplated 
in  Section  7  of  Article  VI.  of  the  By-Laws. 

Action  on  this  was  postponed  till  the  next  meeting. 

The  Secretary  announced  the  receipt  of  a  photograph-likeness  from  M.  E.  H. 
Beckeler. 

The  Secretary  read  a  Memorial  Paper,  prepared  by  Mr.  E.  A.  Fox,  on  the  late 
Mr.  Alexander  Wolcott,  one  of  the  earliest  members  of  the  Society. 

It  was  voted  that  this  paper  should  be  printed,  and  that  the  Secretary  send  a 
copy  to  the  family  of  Mr.  Wolcott. 

Mr.  Randolph  exhibited,  with  explanation,  the  model  and  drawings  of  an 
interlocking  switch  and  signal  apparatus,  designed  by  himself,  and  which  is  in. 
use  upon  the  Chicago  &  Western  Indiana  Railroad. 

It  was  voted  that  the  description  given  by  Mr.  Randolph  be  printed. 

iAdjourncd.}  L.  P.  Morehouse,  Secretary. 


IN    MEMORY   OF  THE   LATE  ALEXANDER  WOLCOTT,    C.  E. 
BY   E.    A.  POX. 

This  Society  has  again  had  its  ranks  broken  by  the  death  of  one  of  its 
oldest  members  ;  oldest  both  in  years  and  in  date  of  membership. 

Alexander  Wolcott,  the  venerable  County  Surveyor  of  Cook  County, 
has  leveled  up  his  transit  for  the  last  time  and  made  his  last  survey. 

He  was  born  in  Middletown,  Conn.,  Oct.  9,  1814,  received  his  mathe- 
matical education  at  West  Point,  came  to  Chicago  in  1834,  and  died 
August  11,  1884. 

The  Chicago  members  of  our  Society  will  miss  his  spare,  active  figure 
and  white,  flowing  locks,  moving  through  our  crowded  streets  with  the 
active  step  of  a  young  man. 

Mr.  Wolcott's  career  is  almost  identified  with  that  of  Chicago,  as  they 
grew  up  together.  He  commenced  his  business  life  as  an  engineer  on 
the  Illinois  &  Michigan  Canal,  and  the  Illinois  Central  Railroad,  but 
soon  turned  his  attention  to  land  surveying,  for  which  this  rapidly  grow- 
ing city  has  always  offered  a  tempting  field,  and  the  temptation  was 
sufficient  to  keep  him  always  at  work  from  youth  to  age,  a  busy  pioneer, 
marking  out  the  lines  of  our  noble  streets,  and  preceding  the  architect 
and  builder  in  fixing  the  location  of  those  magnificent  structures  whose 
individual  value  is  counted  by  millions,  and  tliat  of  the  land  on  which 
they  stand  at  hundreds  of  dollars  per  inch. 

Mr.  Wolcott  has  left  no  great  monuments  of  engineering  skill,  no 
stupendous  bridge,    tunnel  or  hydraulic   works  to  identify  with   liis 
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name,  but  his  long  practice  of  his  profession  in  the  building  of  this 
mighty  city,  and  still  more  in  its  rebuilding  after  its  destruction,  in  all  of 
which  he  took  an  active  part  to  within  a  few  months  of  his  death,  and 
his  long  incumbency  of  the  office  of  County  Surveyor — nearly  thirty 
years— show  that  whatsoever  his  hand  found  to  do  he  did  it  with  his 
might,  and  to  the  satisfaction  of  his  fellow  citizens.  His  most 
characteristic  trait  was  an  untiring  energy  and  activity.  No  task 
was  too  hard,  no  place  too  rude  for  him  ;  he  seemed  to  delight  in  fatigue 
and  exposure.  He  was  rough  but  kindly,  a  man  knowing  and  known 
by  all,  and  universally  popular  ;  a  hasty  temper  of  that  well  known 
type,  "That  much  enforced  shows  but  a  hasty  spark,  and  straight  is 
cold  again." 

The  writer  in  nearly  ten  years'  business  partnership  with  the  subject 
of  this  memorial  can  say  that  no  serious  difference  ever  rose  between  us, 
that  we  parted  in  1875  on  the  most  friendly  terms,  and  maintained  the 
most  amicable  relations  till  the  last  great  parting,  when  having  almost 
exactly  filled  the  three  score  and  ten  years  allotted  to  mankind,  he  left 
us,  and  we  may  say  emphatically,  that  he  well  filled  the  measure  of  his 
long  and  busy  life  as  a  man,  an  engineer,  a  worthy  citizen  and  a  friend, 

October  7,  1884:— The  195th  meeting  was  held  at  4  p.  M.,  President  Cregier 
in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Upon  ballot,  Mr.  John  Saltar,  Jr.,  was  elected  a  Member. 

Mr.  Liljencrantz,  for  the  Committee  on  Revision,  submitted  a  report  embody- 
ing several  amendments  to  the  Constitution  and  By-Laws. 

The  amendments  proposed  by  the  Committee  to  Articles  IV.  and  V.  of  the  Con- 
stitution were  seconded  by  the  requisite  two-thirds  vote. 

The  amendments  proposed  by  the  Committee,  as  amended,  to  Articles  IV.  and 
V.  of  the  By-Laws  were  received,  and  it  was  voted  that  a  letter  ballot  should  be 
taken  on  the  proposed  amendments  to  the  Constitution  and  By-Laws  at  the  sec- 
ond meeting  in  November. 

Mr.  Williams,  Manager  for  this  Society  in  the  Association  of  Engineering  So- 
cieties, presented  a  bill  of  $134  from  the  Association,  which  was  ordered  paid. 

The  following  was  adopted  : 

Resolved,  That  members  are  hereby  requested  to  send  to  the  Secretary,  on  or 
before  December  3,  written  nominations  for  the  oflScers  to  be  elected  at  the  an- 
nual meeting  January  G,  that  the  nominations  so  received  be  read  at  the  meeting 
December  2,  and  that  the  two  names  receiving  the  largest  number  of  proposers 
shall  be  declared  the  nominees  for  the  respective  offices. 

[Adjourned.]  L.  P.  Morehouse,  Secretary. 


October  21,  1884  :— The  196th  meeting  was  held  ai  4  p.  m.,  Vice-President  Wright  in 
the  chair. 

The  miuutes  of  the  preceding  meeting  were  read  and  approved. 

The  Secretary  read  a  letter  from  the  St.  Louis  Engineers'  Club  urging  this  Society  to 
remain  a  member  of  the  Association  of  Engineering  Societies. 

Tlie  Secretary  also  read  a  letter,  addressed  to  the  President,  from  Mr.  J.  F.  Holloway, 
President  of  the  Civil  Engineers'  Club  of  Cleveland,  requesting  the  Society  to  reconsider 
its  action  of  withdrawal  from  the  Association,  and  inclosing  a  series  of  resolutions  to  the 
same  effect  adopted  by  the  Club. 

It  was  voted  that  these  communications  be  received  and  placed  on  file. 

After  discussion  of  the  subject  matter  of  these  communications  the  following  pre' 
amble  and  resolutions  were  adopted  : 

Whereas,  Since  the  vote  to  withdraw  from  the  Association  of  Engineering  Societies  it 
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is  believed  that  many  members  who  then  favored  withdrawal  have  changed  their  views  ; 
and 

Whereas,  The  other  participating  societies  have  urgently  requested  us  to  retain  our 
membership  ; 

Resolved,  That  members  are  hereby  requested  to  present  written  opinions  on  the 
question  of  remaining  a  member  of  the  Association,  and  that  at  some  meeting  not 
earlier  than  December  2,  a  vote  be  taken  on  the  question. 

The  paper  by  Mr.  Wright  on  "  Street  Railway  Joints,"  published  in  the  Journal  for 
September,  was  taken  up  for  discussion,  after  which  the  meeting  adjourned. 

L.  P.  Morehouse,  Secretary. 


Appendir  to  the  Ninth  Report  of  the  Committee  on  the  Metric  System  of  Weights  and 
Measures. 


To  the  Hon.  the  Senate  and  House  of  Representatives  of  the  United  States  in  Con- 
gress assembled: 

The  undersigned  prays  your  honorable  body  to  enact  the  bill  (H.  R.  7493,  48th  Con- 
gress, 1st  Session)  which  was  introduced  June  .30,  1884,  by  Mr.  Everhart,  as  followi: 

A  BILL 
To  establish  the  metric  system  of  weights  and  measures  in  the  Departments  of  the 

Government. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of 
America  in  Congress  assembled  : 

That  from  and  after  the  fourth  day  of  March,  anno  Domini  eighteen  hundred  and 
eighty-nine,  the  metric  system  of  weights  and  measures,  as  recognized  and  expressed 
in  section  thirty-five  hundred  and  seventy  of  the  Revised  Statutes,  shall  be  exclusively 
employed  by  the  several  Departments  and  branches  of  the  Federal  (rovernment  in  the 
affairs  of  tbe  United  States:  Provided,  that  in  all  other  transactions  than  those  in  which 
the  United  States  is  a  party  it  shall  be  lawful  to  employ  the  weights  and  measures  now 
in  use. 

Sec.  8.  That  a  knowledge  of  the  said  metric  weights  and  measures  shall  be  taught 
in  all  the  schools  and  colleges  now  under  the  control  of  the  Federal  Government  or 
hereafter  aided  by  it,  or  such  knowledge  shall  be  required  for  admission  to  the  said 
Schools  and  colleges. 

Sec.  3.  That  all  laws  inconsistent  herewith  are  hereby  repealed. 
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requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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Thut  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

This  Society  is  not  responsible  as  a  body  for  the  statements 
and  opinions  advanced  in  any  of  if s publications. 

IMPROVED    SIGNAL  APPARATUS   USED    ON   THE    BOSTON    & 
ALBANY  RAILROAD. 


By  Qeobqe  R.  Hardy,  Member  of  the  Boston  Society  op  Civil.  ENomEKRs. 
[Read  October  15,  1884.] 


I  wish  to  call  your  attention  to  the  method  of  using  local  signals  on  the 
B.  &  A.  R.  R. 

On  the  single  track  lines  with  simply  the  No.  1  track  and  passing 
points  or  sidings,  trains  may  have  rights  in  either  direction  as  per  time 
cards  or  instructions.  On  the  double  track  parts,  track  No.  1  is  for  train? 
going  from  Boston  and  track  No.  2  is  for  trains  going  toward  Bos- 
ton. On  the  four-track  portion,  tracks  No,  1  and  3  ai-e  for  the  outward 
and  tracks  2  and  4— even  numbered — are  for  inward  trains,  thus  making 
two  parallel  double  track  lines  side  by  side. 

A  railroad  is  never  finished.  Sidings  are  increased,  single  tracks  must 
be  doubled,  and  double  ti-acks  spread  apart  for  the  middle  turnouts  to  be 
finally  succeeded  by  the  four-track  system  with  enlarged  terminals  and 
more  switching  tracks. 

The  four-track  portion  of  the  B,  &  A.  extends  from  Tower  No.  6  at 
Huntington  avenue,  Boston,  lo  Tower  No.  15,  at  Riverside,  where  the 
increased  facilities  and  junction  form  a  lay-out  which  is  equipped  in  as 
complete  and  progressive  a  style  as  any  in  this  vicinity. 

Tracks  1  and  2  are  used  by  trains  not  stopping  at  stations,  such  as  ex- 
press, passenger  and  freight  trains,  as  there  are  no  stations  or  platforms 
for  passengers  for  those  two  tracks  on  the  four-track  portion. 

Tracks  3  and  4  are  used  by  all  the  passenger  trains  doing  local  work, 
and  some  irregular  trains. 

At  Tower  6,  interlot;king  controls  the  switches  and  signals  for  uniting 
the  four-track  system  on  the  westerly  with  two  tracks  going  easterly  to 
near  the  Boston  depot. 

At  the  Boston  Depot,  Tower  No.  1  contains  the  interlocking  for  con 
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trolling  the  switches  and  signals  belonging  to  the  diverging  tracks  in  and 
about  the  train-house. 

Tracks  3  and  4  disappear  at  Tower  6,  but  are  numbered  again  at  the 
train-house. 

At  the  train  house  Nos.  1,  3,  5,  7  and  9  are  loading  tracks,  Nos.  2  and  4 
are  used  generally  as  inward  tracks.  Odd  numbers  are  used  to  designate 
tracks  generally  used  for  outward  trains  and  for  side  or  yard  tracks  on 
the  right  hand  side  of  the  road  looking  west,  while  even  numbers  are  ap- 
plied to  tracks  on  the  opposite  side  and  for  inward  main  tracks.  Facing 
point  cross-over  roads  have  odd  numbers  and  trailing  point  cross-overs 

have  even  numbers. 
^<^T«Y«aHo.t.  r-     1  Six  depot  tracks,  a  bag- 

MAiNUNt  S^SG  room  track,  and  en- 

ANo  ciKcoiT      eine  track,  with  also  two 

ZlivJO:  or  Kiii-RBAflEl        *="      .  ,    ^ 

mam  cross-overs  and  two 
loops,  and  one  yard-spur 
switch  are  included  in  the 
tenitory  covered  by  the 
interlocking  at  Towpr  No. 
1,  arranged  so  that  trains 
can  be  ordered  in  either 
direction  between  each  of 
the  eight  terminal  tracks 
and  the  two  mains  at  Al- 

^  1 //  \^  bany  street. 

»'  ''   '  ^-  From  Albany  street,  near 

Towtr  1,  to  Tower  6,  the 
company's  loc  .tion  is  only 
wide  enough  for  four 
tracks  continuously,  but 
instead  of  occupying  it  by 
four  mains,  it  is  found 
much  better  to  use  only 
the  two  middle  tracks,  as 
tracks  1  and  2,  and  save 
the  outside  room  for 
switching. 

The  value  of  this  ar- 
rangement is  more  appar. 
ent  when  it  is  remembered  that  between  the  two  points  just  mentioned 
all  trains  are  practically  of  the  same  class  as  regards  speed  on  account 
of  the  stops  at  the  Boston  &  Providence  Railroad  crossing,  so  that  with  a 
liberal  arrangement  of  signals,  by  which  trains  can  close  up  to  quarter- 
mile  blocks,  as  large  a  traffic  can  be  transferred  as  is  necessary. 

Tower  7,  about  half  a  mile  west  of  Tower  6,  controls  a  full  set  of  four 
cross  over  roads  from  track  No.  1  to  a  yard  on  the  south  side. 

About  half  a  mile  west  of  Tower  7  in  Tower  No.  8,  similar  to  Tower  6, 
is  an  apparatus  controlling  the  double-track  branch  from  3  and  4  to 
Brookline  and  Newton  Highlands. 
The  extension  of  this  Newton  Highlands  &  Brookline  Branch  to  a  new 
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connection  with  the  main  line  at  tower  No.  15,  Riverside,  will  complete 
what  is  known  as  the  Newton  Circuit.  About  a  mile  west  of  Tower  No. 
8  is  Towei.-  N>).  9,  with  two  cross-overs  connecting  tracks  1  and  3  with  the 
Grand  Junction  Branch  and  Freight  yard.  This  is  the  route  for  exchange 
with  the  north  side  railroads,  and  for  the  ocean  terminal  at  East  Boston. 
A  lar^e  freight  yard  is  one  of  the  features  at  this  point,  extending 
westerly  on  the  bank  of  the  Charles  River,  and  nniting  again  with  track 
No  1  by  trailing  point  switches,  worked  by  ground  interlocking.  The 
main  tracks  above  described  are  laid  with  73  lb.  steel,  4|  inches  high  and 

^  base. 
This  form  of  rail  was  adopted  about  four  years  ago,  and  is  used  with 

double-angle  joint. 

The  joints  are  laid  alternately,  i.  e.,  opposite  the  middle  of  the  com- 
panion rail.  There  is  a  spike  hole  in  each  plate  and  the  outside  of  the 
opposite  rail  is  slotted  for  a  spike  on  the  same  tie,  to  obstruct  creepmg. 


Fig.  3.  Tower  No.&. 

^aSt  end  4  -track,  SYS-rsKt. 

CS'^ME   *-»  TowlR   No  B) 

Two  other  quarter  distant  points  on  each  rail  are  slotted  for  the  same 
object. 

Newly  laid  ties  are  8  feet  long,  and  lined  on  the  right-hand  side  as  the 
traffic  runs.  Ties  are  about  two  feet  on  centres,  but  if  the  rails  balance 
truly,  then  there  will  be  16  to  a  30-foot  rail. 

Gravel  ballast  is  used  with  the  surface  finished  as  shown  by  the  stand- 
ard cross-section.  Curves  are  elevated  by  the  rule  that  gives  an  eleva- 
tion at  the  T.  P.,  as  well  as  in  the  middle  of  the  curve,  viz.:  Elevation  - 
the  middle  ordinate  of  a  chord  X  feet  in  length,  where  X  =  H  times  the 
maximum  speed  of  trains  in  miles  per  hour. 

On  curves  of  more  than  2°  the  approaches  are  adjusted  by  the  cubic 
parabola. 

All  switches  and  frogs  used  with  the  72-lb.  rail  are  made  from  the  rails. 
Switches  15  feet  long,  frogs  12  feet,  generally  No.  8  stiflE  pattern  fastened 
with  castings  and  bolts. 
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With  this  rail  we  have  point  switches  and  rail  frogs,  both  eflBcient  and 
economical. 

In  past  years,  with  rude  construction  of  the  point,  rail,  split,  or  Lorenz 
switches,  as  they  are  variously  called,  the  effort  to  introduce  them  proved 
unsatisfactory  and  even  rail  frogs  were  only  partially  applied.  Applica- 
tions of  interlocking  have  but  little  relations  to  them  ordinarily,  but  more 
success  is  attained  with  point  switches  interlocking  than  with  any  other 
common  forms,  on  account  of  their  lighter  weight. 

Indeed,  the  Tyler  switch  seems  only  a  short  step  in  advance  of  what 
the  early  English  builders  called  contractor's  points,  and  with  1,400  to 
1,700  lbs,  of  castings  presented  a  heavy  bill  of  original  outlay,  which  can 
only  be  accounted  for  by  considering  that  in  this  country  mechanical 
enterprise,  which  ought  to  have  introduced  the  necessary  planers,  was 
several  years  behind  the  demand. 

The  often-repeated  notion  that  point  switches  are  inimical  to  our  climate 
on  account  of  snow  and  ice  have  been,  we  think,  effectually  disproved,  and 
to-day  the  main  line  of  the  B.  &  A.  is  equipped  with  point  switches,  two 
pointsalone  excepted.  The  point  switches  are  now  made  so  as  to  be  more 
easily  handled  than  any  other  common  form,  and  are  undoubtedly  the  best 
for  interlocking.  The  use  of  point  switches  introduces  two  new  terms  in 
the  railroad  vocabulary,  viz.,  facing  points  and  trailing  points.  You 
will  instantly  see  that  the  first  refers  to  the  direction  of  a  service  by 
which  a  switch  opens  up  a  choice  of  two  routes,  and  a  switch  trailing  la 
one  by  which  two  nearly  parallel  directions  of  service  join  in  one  track. 

With  split  switches,  the  element  of  safety  in  a  trailing  point  is  similar 
to  that  sought  for,  yet  sometimes  failing,  in  the  use  of  the  Tyler,  while 
with  the  split  switches  it  cannot  fail  if  the  track  is  complete.  This  is  the 
only  element  of  safety  yet  considered  in  the  Legislations  about  safety 
switches. 

With  facing  switches — the  old  apparatus  was  subject,  1st,  to  the 
danger  of  a  broken  switch-rod  or  lost  motion  in  the  connections  by 
which  a  switch-rail  might  shift  far  enough  to  allow  the  wheel-flange  to 
collide  with  the  rail  end  switch  and  derail  the  car  or,  2d,  to  slip  under  a 
train  and  divide  the  course  of  part  of  the  wheels  on  one  track  and  part 
on  another. 

This  last,  orSdcSse,  is  almost  the  only  danger  attending  the  use  of  point 
switches,  and  has  to  be  obviated  by  special  arrangements.  A  good  interlock- 
ing application  always  contemplates  the  use  of  the  locking  bolt  and  detector 
bar  for  all  switches  subject  to  a  considerable  facing  point  service.  Witli 
the  stock  rails  firmly  held  to  the  ties,  a  bolt  is  arranged  to  enter  a  closely 
fitting  hole  accurately  placed  in  the  rod  which  connects  the  two  point 
rails,  which  bolt  is  so  connected  with  the  detector  bar  that  it  can  be 
neither  drawn  nor  thrown  without  swinging  the  detector  bar,  which  bar, 
placed  against  the  rail  and  of  a  length  equal  to  the  largest  sf  ace  between 
any  two  axles  in  a  train,  cannot  be  moved  while  a  wheel  is  within  that  dis- 
tance in  front  of  the  switch,  thus  obstructing  the  changing  of  the  switch. 

Thus  the  switch  is  firmly  held  in  its  place  until  the  train  passes. 

With  interlocking  the  operator  at  perhaps  a  distant  point,  selected  as 
the  most  advantageous  place  to  survey  the  movement  of  trains  in  his 
territory,  has  control  of  switches,  switch-locks  and  signals  by  means  of 
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positive  connections  from  his  machine  to  the  most  distant  parts  of  hia 
apparatus,  but  his  power  is  limited  to  the  legitimate  use  of  the  plant,  by 
the  machine  in  the  tower.  The  Saxby  &  Farmer  machine  does  this  me- 
chanically. Similar  levers  each  have  connections  with  a  switch,  a  lock  or 
a  signal.  These  levers  are  connected  with  one  another  so  that  only  the 
proper  levers  can  be  used. 

With  the  signals  at  danger,  1st,  a  switch  can  be  changed,  then,  2d, 
locked,  then,  last,  the  lever  which  gives  the  proper  signal  can  be  pulled. 
To  return  the  switch  the  signal  must,  1st,  be  put  to  danger,  then  the 
switch  unlocked  and  then  thrown,  relocked,  and  another  signal  may  be 
given  corresponding  to  the  changed  route.  All  this  is  done  by  the  lever 
in  the  tower. 

This  is  interlocking  in  the  brief. 

I  propose  now  to  try  to  indicate  to  you  some  of  the  complications  of 
this  system  which  at  this  time  may  seem  to  you  to  be  a  very  easily  com- 

5   AT  Tqwe,r  Hoth 

S.TQH    YAP.Oi 


prehended  matter.  I  will  say  that  I  do  not  mean  by  complications  any 
thiug  at  all  of  that  detail  of  machine  work  which  you  have  seen  and, 
perhaps,  admired.  That  machine  is  simply  a  mechanism  and  its  con- 
struction is  a  science  belonging  to  a  class  of  mechanics  who  well  under- 
stand their  business  as  well  as  a  watch-maker  or  a  locomotive  builder, 
and  is  not  a  part  of  the  work  of  a  signal  engineer  by  necessity. 

Other  makers'  machines  may  be  used  with  no  change  in  the  general 
■engineering  of  signals. 

Only  this,  that  every  signal  engineer  should  know  how  to  make  a 
thorough  examination  of  an  interlocking  apparatus,  and  such  examina- 
tion should  always  be  made  before  the  plant  is  put  into  service,  as  cases 
•of  faulty  locking  have  been  known  to  be  overlooked  ;  but  they  can  be 
discovered  by  a  systematic  examination. 

One  peculiarity  of  interlocking  is  the  fact  that  by  its  use  a  large  econ- 
/Omy  can  be  made  in  the  outlay  for  tracks. 
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While  it  is  diflScult  to  illustrate  this  fact  by  any  general  argument,  yet 
a  careful  study  of  weU  signaled  track  plans  is  very  convincing. 

One  fact  leading  to  this  economy  is  that  while  without  signals  an  ordi- 
narily large  service  at  some  junction  point  may  require  an  exclusive' 
track  for  each  direction,  yet  with  the  proper  signals,  etc.,  the  same  work 
may  be  as  well  done  by  running  one  single  track  in  either  direction  as  the 
trains  may  arrive  and  with  the  largest  percentage  of  safety.  In  three 
cases  at  tower  15,  this  occurs,  viz.  (see  figure) :  the  short  part  of  track  3, 
or  from  the  switch  into  track  4,  to  the  gravel  pit  track,  takes  all  the  local 
passenger  and  gravel  train  service  in  each  direction.  Also  from  the 
gravel  pit  switch  to  the  switch  out  of  track  No.  2,  into  track  No.  3,  all 
local  passenger  service  in  each  direction.  Also,  still  more  so,  on  track 
No.  2,  from  the  switch  into  track  No.  3,  westward  to  the  west  side  of  the 
Charles  River  bridge,  track  No.  2  carries  all  the  inward  service  except  the 
gravel  trains  and  all  the  outward  local  service. 

Interlocking  machines  were  not  the  invention  of  one  intellect  nor  the 
production  of  a  day  or  a  month,  but  are  the  result  of  years  of  develop- 
ment. The  early  efforts  were  trials  to  enable  one  person  to  do  the  work 
of  moving  the  switches  from  a  short  distance  where  other  work  was  so^ 
pressing  as  to  make  it  desirable  that  no  time  should  be  wasted  in  footing, 
back  and  forward. 

Immediately  a  necessity  appeared  that  some  clear  sign  should  be  used 
to  enable  the  engineman  to  know  that  he  might  safely  proceed.  This  led 
to  establishing  a  mechanical  relation  between  the  signal  and  the  switch- 
Ordinary  switch  targets  illustrate  this  stage. 

But  switch  targets  are  connected  with  the  switch  and  while  they  indi- 
cate the  position,  they  do  not  show  which  way  the  switchman  will  let- 
trains  pass,  and  a  hand  or  flag  sign  does  that. 

This  use  of  the  hand  or  flag  still  leaves  the  service  dependent  upon  the 
range  of  accuracy  that  the  man  may  possess.  A  next  step  was  to  so> 
arrange  his  signal  that  while  moving  the  switch  all  signals  should  be  at 
danger  and  even  after  completing  the  switch  movement,  he  could  only 
pull  one  of  the  two  conflicting  routes. 

This  you  will  notice  gives  rise  to  the  question  of  where  should  the  sig- 
nal be  located.  The  result  is  that  one  of  the  very  few  axioms  in  signal- 
ing is  to  locate  the  signal — which  may  be  approached  until  the  pilot  is 
opposite,  but  not  one  inch  past  it — so  that  it  may  be  as  near  as  practicabla 
to  the  fouling  point  of  the  next  route  in  conflict  with  it. 

This  practice  differs  so  radically  from  the  old  style  of  flag  and  ball  signal- 
ing where  the  cuotom  is  to  stop  as  far  away  as  the  judgment  of  the  engine- 
man  thinks  will  clear  some  switching  movement,  that  it  constitutes  a 
vital  change.  But  it  has  much  in  it  that  hardly  appears  at  first.  One  of 
the  features  of  ball  signals  is  that  they  must  be  seen  from  a  distance  in 
order  to  guard  a  dangei* — sometimes  and  very  generally,  the  entire 
absence  of  a  ball  indicates  a  right  of  way  for  speed  trains,  and  the 
negative  knowledge  of  not  seeing  a  fog  covered  signal  is  dangerously 
related  to  the  positive  conclusion  that  the  signal  is  not  presented. 
Hence  an  important  stand  was  made  by  signal  engineers  in  favor  of 
conducting  all  the  service  under  a  system  of  positive  signals^ 
these  positive  signals  to  boimd  the  limits  of  approach  and  to  be  of 


IMPROVED  SIGNAL  APPARATUS. 


41] 


Buch  a  character  that  no  competent  man  could  fail  to  take  the  safe 
course.  Thus  these  signals  are  a  guard  around  the  district  controlled  by 
the  operator. 

A  train  may  only  approach  a  signal  as  it  can  stop  clear  of  it  with  ;  and 
the  absolute  knowledge  that  one  is  clear  may  pass  it  and  proceed  to  the 
next.  The  signal  should  be  located  in  good  range  of  view  for  the  engine- 
man. 

The  best  form  used  is  the  semaphore.  Its  meaning  is  understood  at 
a  glance — horizontally  a  danger  signal  as  a  man  extends  his  arm  over  the 
track  ;  dropping  ihe  arm,  the  train  may  proceed.  Naturally  with  large 
yards  and  layouts  and  many  traios  awaiting  to  proceed,  with  positive 
signals  controlled  by  one  man,  the  system  has  advanced  in  practice  to 
establish  a  sort  of  management  in  the  hands  of  the  operators,  and  under- 
their  control,  subject  to  the  general  rules  of  the  service,  the  work  is  done^. 
and  instead  of  a  signal  meaning  only  a  permit  to  proceed  it  becomes  posi- 
F,3.  0. 
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Tracks  at  Towtn,  Uo.9. 

tiveandas  peremptory  as  the  immediate  conditions  will  admit.  So  that- 
the  towerman,  having  possession  of  a  knowledge  of  all  the  movements  that- 
are  to  be  made,  directs  them  to  be  performed  at  such  times  as  he  finds- 
most  serviceable. 

A  careful  study  of  the  plan  for  arranging  the  tracks  and  signals  for 
interlocking  may  be  found  to  be  a  source  of  great  economy. 

"With  the  track  work  well  planned,  it  is  often  found  to  be  an  element  of 
safety  to  so  interlock  the  switches  that  they  may  be  used  or  opened  only 
in  the  regular  succession  and  put  back  in  reverse  order.  Also  notice  that- 
a  cross-track  becomes  a  unit  by  itself,  both  switches  being  actuated  by 
the  same  lever.  This,  you  will  see,  leads  to  an  arrangement  preventing  an 
uncontrolled  train  on  a  side  track  from  running  out  on  the  main,  and  tak- 
ing advantage  of  this  effectual  lockout  of  other  trains,  sidings  that  other- 
wise would  close  in  to  the  main  track  with  only  one  switch  are  provided! 
•with  a  second  switch  and  more  rail,  thereby  connecting  the  main  by  a. 
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cross-over  and  leaving  the  side  track  open  so  as  to  derail  an  uncontrolled 
train. 

Thus  substituting  the  danger  of  one  evil  for  a  larger  one,  in  much 
the  same  way  that  vaccination  protects  from  small-pox,  the  siding  is 
vaccinated  and  a  train  derailed  so  that  it  may  not  chance  to  run  out  on 
the  main  and  find  an  opportunity  for  collision. 

This  scheme  of  the  tbrow-off  on  the  siding  has  been  applied  to  a  throw- 
off  on  the  main  line  at  important  points  such  as  drawbridges  and  R.  R. 
grade  crossings. 

I  cannot  help  feeling  that  in  my  judgment  common  sense  has  come 
to  a  severe  strain  by  the  tendency  of  some  advocates  of  this  form  of  safe- 
guard to  vaccinate  us  with  a  cure  that  is  worse  than  the  disease. 

There  is  often  more  danger  and  more  accident  with  the  throw-off 
points  than  without,  and  the  fact  that  an  occasional  derailment  may 
occur  on  a  throw-off  is  not  sufficient  argument  to  convince  me  that  had 
the  train  kept  the  main  line  it  must  of  necessity  have  at  the  same  time 
found  some  other  train  or  obstruction  which  would  have  given  more 
-serious  results. 

Accidents  and  experience  on  record  on  some  of  the  best  managed 
lines  have  been  such  as  to  throw  large  evidence  against  the  policy  of 
derailing  a  train  in  the  vicinity  of  other  tracks  and  trains.  At  a  draw- 
bridge there  seems  to  be  no  doubt  that  it  is  better  to  derail  the  train  on 
the  ground  than  to  do  the  same  thing  in  the  water.  In  either  case  there 
must  be  a  throw-off.     Wet  or  dry,  I  prefer  the  dry  one. 

Every  interlocking  should  supply  all  the  signals  required  for  every 
necessary  movement. 

Ground  signals  and  switch  indicators  assist  to  make  the  system  com- 
plete. When  this  is  done  so  that  no  flagcing  need  be  done  from  the 
'tower  a  remaining  possibility  of  error  is  eliminated. 

A  great  source  of  danger  at  an  interlocking  is  the  sometimes  necessary 
make-shift  of  flagging  on  account  of  absence  of  interlocked  signals  for 
certain  movements  in  switching,  etc.,  or  of  repairs  in  progress.  With 
this  plant  fly  switching  is  not  generally  used,  but  applications  liave  been 
made  providing  for  it  in  a  complete  manner,  as  at  the  Grand  Central 
depot  in  New  York  city. 

The  signal  that  limits  the  movements  on  the  main  tracks  is  called  the 
home  signal  and  at  danger  means  a  positive  stop.  In  order  to  assist  speed 
trains  at  that  locality,  distant  signals  are  used  placed  at  a  sufficient  dis- 
tance outside  the  home  signals  and  each  dependent  upon  its  correspond- 
ing home  signal  so  that  it  cannot  be  pulled  until  the  home  signal  is  all 
clear,  thus  enabling  the  engineman  of  an  express  train  to  know  by  the 
all  clear  position  of  the  distant  signal  that  the  home  signal  is  also  all  clear 
and  that  he  can  keep  up  his  speed. 

The  distant  signal,  usually  cut  with  a  dovetail  end,  when  horizontal  is 
a  caution — not  a  full  stop  signal — and  permits  a  train  to  pass  it  proceed- 
ing only  as  the  way  is  known  to  be  clear. 

Additional  safety  is  acquired  by  the  use  of  electric  locking  in  connec- 
tion with  the  c'istant  signal.  This  is  to  prevent  a  danger  that  the  opera- 
.tor  might  let  a  train  pass  a  distant  all-clear  signal  and  then  by  rapid 
rvvork  throw  it  up  behind  the  train  and  next  the  home  signal  at  which 
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4he  train  now  approaching  so  fast  could  not  stop,  and  then  unlock  and 
•shift  a  switch  which  would  turn  the  train  so  that  an  accident  might  be 
occasioned. 

Our  applications  of  electric  locking  at  tower  15  are  so  arranged  that  when 
a  distant  signal  has  been  pulled  all  clear  and  the  train  approaching  it  enters 
upon  a  section  of  insulated  track  near  the  signal,  the  electric  lock  in  the 
tower  is  applied  to  the  levers  of  the  locking  bolts  that  belong  to  the  fac- 
ing point  switches  so  that  although  the  distant  signal  may  be  thrown  up 
as  soon  as  the  train  passes  it,  any  change  of  the  position  of  the  switches 
is  very  effectual'y  obstructed  until  after  the  train  has  passed  out  of  said 
section  of  insulated  track  which  extends  quite  past  and  includes  all 
switches. 

In  England  where  the  interlocking  system  is  so  generally  applied  under 
the  direction  or  approval  of  the  Board  of  Trade,  the  close  succession  of 
•stations  and  towers  along  the  lines  of  heavy  traffic  serve  to  divide  the  road 
into  block  sections  of  reasoable  lengh,  and  an  operator  in  charge  of  a, 
■tower  is  found  at  nearly  every  block  section.  When  such  sections  would 
'Otherwise  be  too  long  for  uniformity  an  extra  block  man  is  located. 
These  men  with  various  styles  of  electric  and  electro-mechanical  com- 
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munications  make  a  system  of  block  signalling  in  which  the  semaphore 
signal  is  used.  Some  systems,  such  as  the  Sykes,  are  arranged  so  as  to 
require  the  joint  action  of  two  blockmen  to  let  a  train  enter  a  section,  and 
the  further  advice  from  the  second  man  that  the  train  has  passed  him  be- 
fore a  second  train  can  get  a  signal  to  follow  at  the  first  block. 

You  will  see  that  the  conditions  of  such  compact  service  are  such  that 
the  additional  expense  of  using  as  blockmen,  men  who  may  be  tower 
operators  generally  with  only  a  few  exti'a  men  to  complete  the  spacing 
•of  the  sections,  is  not  a  large  addition  to  train  expense,  and  with  the  pos- 
itive check  system  such  as  is  often  introduced  there,  the  assurance  of 
safety  is  very  complete  ;  perhaps  the  largest  element  of  danger  may  be 
that  a  part  of  a  train  can  be  left  in  the  section  and  escape  the  notice  of 
the  block  men.  But  in  this  country  there  appears  to  be  a  wide  diver- 
.genc.T  of  conditions  as  compared  with  England. 

Here  we  have  the  longer  lines,  with  more  remote  stations  and  junction 
points,  also  a  lav^e  development  of  the  automatic  system  of  block  signal- 
ling whereby  the  labor  of  one  employe  only  is  required  to  keep  iu  ser- 
•<vice  a  number  of  blocking  points  ranging  from  ten  to  twenty.     Even  this 
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arrangement  is  often  a  heavy  addition  to  the  operating  expenses  and 
requires  care  and  judgment  in  its  location  and  the  way  it  is  applied. 

Two  classes  of  applications  of  this  kind  are  found.  One  class  uses 
detached  points,  such  as  track  instruments,  for  setting  or  releasing  the 
signals,  leaving  often  a  long  space  between. 

The  second  class  is  that  arrangement  by  which  a  section  of  the  track  is 
insulated  and  by  means  of  electric  circuits  broken  or  maintained  by  the 
train  itself  the  signals  are  operated.  This  commends  itself  in  one  par- 
ticular especially,  which  is  that  while  even  a  single  pair  of  detached 
wheels  may  be  left  in  the  section,  the  danger  signal  is  maintained. 

While  in  England  or  at  the  semaphores  mechanically  controlled  by  a 
towerman  in  this  country  a  positive  iron-clad  rule  can  be  established  that 
no  train  can  pass  without  the  consent  of  the  signalman,  a  similar  rule  laid 
down  for  the  automatic  system  would,  in  case  of  any  accident  to  the 
wires  or  apparatus,  effectually  block  the  railroad. 

Hence  it  has  been  found  only  practicable  to  establish  the  following  for 
electric  signals : 

Rule  No.  1. — When  an  approaching  train  finds  a  signal  at  danger,  that 
is,  showing  a  red  target  or  light,  or  if  the  signal  fails  to  operate,  the  train 
must  be  stopped  and  proceed  only  as  the  way  is  known  to  be  clear. 

This  you  will  see  is  not  an  absolute  but  is  a  permissive  block  rule,  so 
arranged  as  to  keep  the  service  from  too  serious  a  disarrangement,  as 
would  occur  if  the  train  was  absolutely  prevented  from  finding  its  way 
through  the  section. 

When  two  trains  enter  a  section  of  the  class  working  by  track  instru- 
ments, under  this  rule,  the  first  train,  in  passing  out,  leaves  an  all  clear 
signal  behind  the  second  train,  thereby  inviting  the  approach  of  a  third 
train  at  speed  into  the  section,  and  collisions  have  been  occasioned. 
With  an  arrangement  of  the  second  class  this  does  not  happen,  because 
the  second  train  holds  the  signal  at  danger  as  surely  as  the  first  train 
may. 

Automatic  signals  on  the  B.  &  A.  R.  R.  show  red  disks  and  are  lighted 
with  red  for  danger.  Otherwise  it  is  held  as  an  axiom  to  avoid  using  the 
color  red  except  in  case  of  emergency,  so  that  the  familiar  use  of  red  may 
not  develop  indifference  to  its  value  as  a  signal  of  some  unusual  danger. 

Electric  or  automatic  signals  are  independent  of  the  interlocking  in  the 
way  they  operate.  They  are  arranged  between  Boston  and  tower  15  aa 
overlapping  blocks  of  the  track  circuit  system,  so  that  until  a  train  has. 
cleared  the  overlap  distance  beyond  a  second  signal  the  two  signals  may 
be  protecting  it. 

Compact  succession  of  signals  favors  the  movement  of  more  trains  in 
the  same  direction  of  that  track.  From  tower  1  to  tower  6  signals  are 
arranged  for  trains  to  follow  once  in  a  quarter  of  a  mile  on  the  double 
track  line. 

Beyond  tower  6,  to  near  tower  9,  with  four  tracks,  trains  may  follow 
within  half  a  mile,  and  from  there  to  tower  15  mile  blocks  are  used  as  a 
general  plan,  but  interspersed  with  some  shorter  or  half-mile  sections  on. 
account  of  some  necessary  locations  of  switches. 

When  at  a  tower  one  route  diverges  into  two  routes,  one  automatic- 
signal  before  reaching  the  switch  indicates  the  occupancy  of  either  of  tha 
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(two  routes  according  to  the  position  of  the  switch  from  the  section  pre- 
ceding to  the  section  following. 

Also  complete  arrangement  demands  that  on  either  of  two  diverging 
routes,  as  soon  as  a  train  passes  the  interlocking,  an  automatic  signal  is 
required  for  the  assurance  of  the  track  occupation,  which  might  have 
been  obstructed  unknown  to  the  towerman. 
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By  John  Walkbr,  Member  of  the  Civil  Enqinkers'  Club  o»  Clbvklakd. 
[Read  October  9th,  1883.] 


There  is  an  old  saying,  "  Expose  your  ignorance  if  you  would  be  wise." 
Should  this  be  my  misfortune,  or  possible  fortune,  to-night,  the  writer 
TviU  feel  the  assurance,  at  least,  that  he  has  done  his  best,  and  will  simply 
be  content  to  tell  something  of  what  he  knows  about  gearing. 

Gearing,  according  to  Walker  and  Webster,  is  a  train  of  wheels  m  ma- 
chinery. There  are  many  kinds  of  gears,  each  designed  for  theii-  partic- 
ular conditions  and  duties.     They  may  be  classified  as  follows  : 

Spur  gearing  is  that  class  whose  teeth  are  parallel  to  their  axes,  by 
which  we  transmit  power  from  one  shaft  to  another,  whose  axial  lines 
are  parallel  to  each  other. 

Bevel  gears  are  that  class  whose  teeth  are  set  at  various  degrees  from 
Jtheir  radii,  the  shafts  being  at  right  angles  to  each  other. 

Angle  gears  are  that  class  whose  teeth,  like  bevel  gears,  are  set  at  va- 
rious degrees  from  their  radii,  but  their  axes  are  set  at  any  angle,  either 
acute  or  obtuse,  or,  in  other  words,  at  any  angle  different  from  90  degrees. 
Miter  gears  are  that  class  whose  teeth  are  set  at  an  angle  of  45  degrees 
from  their  radii,  the  shafts  always  being  at  right  angles. 

Hunting-tooth  gears  are  usually  classed  with  miter  gears.  The  odd 
atooth  introduced  into  this  class  of  gears,  to  interchange  the  tooth  posi- 
tions, does  not  usually  make  enough  difference  to  classify  them  as  bevel 
gears,  although  in  the  strict  sense  they  are  bevel  gears. 

Internal  gears  are  that  class  whose  teeth,  like  spur  gears,  are  parallel 
to  their  axes,  but  are  convergent  to  their  centers,  that  they  may  receive 
pinions  inside  their  circumferences. 

A  rack  is  a  series  of  tepth  on  a  continuous  straight  line.  It  can  be  con- 
sidered a  spur  gear  of  infinite  radius. 

Sph-al  gears  are  that  class  whose  teeth,  or  perhaps  more  properly 
speaking,  threads,  are  cut  or  chased  at  any  desired  angle  to  suit  the 
required  angle  of  the  shafts  and  the  required  speed.  The  shafts  of  this 
class  of  gearing,  however,  cannot  be  on  the  same  plane,  their  difference 
being  that  of  the  radii  of  both  spirals,  or  worm  and  wheel  as  they  are 
termed,  when  one  is  larger  in  diameter  than  the  other. 

The  proportional  radius  of  a  gear  or  pinion  is  the  distance  from  the  cen- 
tre to  the  proportional  circle  or  pitch  line,  and  (the  pitch  being  the  same) 
is  proportional  to  the  number  of  its  teeth. 

Pitch  lines  are  the  touching  circumferences  of  two  or  more  gear»- 
"which  are  to  act  on  each  other. 
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Pitch  of  a  gear  is  the  distance  between  the  centres  of  two  contiguous* 
teeth,  measured  upon  their  pitch  line. 

Line  of  centres  is  a  line  drawn  from  the  centre  of  one  gear  to  th©  cen- 
tre of  another,  when  their  circumferences  touch  each  other. 

Face  of  a  tooth  is  the  curved  part  of  a  tooth,  from  pitch  line  to  point 
■which  receives  impulse  ou  entering  and  imparts  impulse  when  leaving. 

Flank  of  a  tooth  is  that  part  of  tooth,  from  pitch  line  to  root,  which) 
imparts  impulse  on  entering  and  receives  impulse  when  leaving. 

liCngth  of  a  tooth  is  the  distance  from  the  root  or  base  to  the  extremity 
or  point  of  tooth. 

Breadth  of  a  tooth  is  the  measure  of  a  tooth  which,  in  a  spur  gear,  is- 
parallel  to  its  axis  and  at  right  angles  to  its  radius. 

When  tw^o  gears  act  upon  each  other,  the  greater  is  called  the  wheel 
and  the  lesser  the  pinion.  Where  the  teeth  of  gears  are  of  the  same  piece 
with  the  body  of  the  gear,  they  are  properly  called  teetli ;  when  they  are 
each  of  a  separate  piece  they  are  called  cogs,  but  are  comprehended  under 
the  general  term  teeth. 

The  durability  of  the  teeth  of  gears,  under  the  same  circumstances,  ia^ 
neai'ly  in  a  direct  proportion  to  their  breadth  and  inversely  as  the  pres- 
sure. The  strength  of  the  teeth  of  gears  is  directly  in  proportion  to  their 
breadth,  as  the  square  of  their  thickness,  and  inversely  as  their  length.. 
For  example,  if  we  double  the  breadth  we  only  double  the  strength,  but. 
if  we  double  the  thickness,  or,  in  other  words,  double  the  pitch,  keeping 
the  original  length  and  breadth,  we  increase  the  strength  four  times,  but 
as  the  length  of  teeth  commonly  increases  with  the  pitch,  this  circum- 
stance must  be  taken  into  view,  for  if  we  double  the  thickness  and 
length  at  the  same  time  (as  is  common  in  practice),  we  only  double  the- 
Btrength,  in  which  case  the  strength  is  directly  as  the  pitch. 

The  stress  on  the  teeth  of  gears  is  as  the  pressure  and  inversely  as  the 
velocity.  For  example,  if  the  pitch  lines  of  one  pair  of  wheels  move  at 
the  rate  of  1,000  feet  per  minute,  and -another  pair  of  gears,  in  every 
other  respect  under  the  same  circumstances,  moves  at  the  rate  of  500  feet 
per  minute,  the  stress  on  the  latter  is  double  that  on  the  former. 

The  speeds  of  gearing  must,  of  necessity,  vary  greatly,  this  depending 
entirely  on  the  nature  of  the  work  tlie  gears  are  intended  for. 

The  friction  of  teeth  in  gearing,  as  they  approach  the  line  of  centres,  i» 
much  greater  than  in  receding  from  it.  This  action  is  more  perceptible 
when  a  machine  becomes  worn  ;  it  causes  irregularity  in  its  movements^ 
in  consequence  of  the  action  in  appi'oaching  the  line  of  centres,  tending 
to  spread  the  axes  of  the  wheel:^,  (this  w^ill  be  spoken  of  more  fully  here- 
after), while  the  action  in  receding  from  the  line  tends  to  draw  their 
axes  together,  and  consequently  occasions  additional  irregular  action, 
friction,  and  wear  in  the  machine.  The  teeth  ought,  if  possible,  to  have' 
clearance  in  entering,  that  they  may  come  to  a  gradual  bearing.  This  i» 
especially  advantageous  in  cast  gears.  In  all  cases  where  it  is  admissible, 
the  number  of  teeth  in  a  pinion  should  be  such  as  not  to  divide  into  the 
number  of  teeth  in  the  wheel. 

Having  thus  described  some  of  the  primnry  definitions  and  principlea 
in  gearing,  those  not  conversant  with  this  subject  will  be  better  able  ta 
understand  the  system  about  to  be  explained. 
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What  is  so  noisy  and  annoying  as  ill-constructed  gearing?  Go  where 
we  may,  in  almost  every  manufactory,  mill,  or  shop,  we  will  find  mor& 
or  less  irregularity  in  this  particular  branch  of  work.  Here  a  pair  of 
gears  are  at  work,  writhing  and  grinding  in  agony,  ever  and  anon 
threatening  to  tear  them- 
selves asunder. 

Go  into  the  pattern 
rooms  of  many  of  our 
workshops,  and  you  will 
find  the  secret  of  noisy 
gearing— distorted  teeth 
of  every  conceivable 
shape  and  form,  the  ma- 
jority being  made  by  rule 
of  random,  and  others 
fitted  to  them  as  a 
change  of  speed  may 
have  been  required,  al- 
beit the  fault  is  not,  at  all  times,  with  the  makers  of  gearing,  for  very 
often  the  purposes  and  intentions  of  the  maker  are  frustrated  by  either 
flimsy  foundations,  shafting  out  of  line  or  level,  or  gears  not  geared  to 
their  proper  depth. 

A  story  was  told,  some  time  ago,  of  a  man  receiving  a  mortise 
wheel  uncogged  (not  having  been  specific  in  his  order  as  to  cogs) 
and  a  pinion  for  the  same.  He  geared  the  pinion  teeth  into  the 
mortises  of  the  wheel,  and  then  complained  of  their  not  running, 
well  and  making  a  great  deal  of  noise.  It  seems,  from  experience,  that 
to  have  successful  gearing,  it  is  necessary  for  those  who  use  it  to  care 
for  it  as  much  as  the  maker  ought  to  care  for  its  proper  construction.. 

The  constructioo 
or  forming  of 
teeth,  in  gearing 
of  various  kinds 
and  for  various 
pui-poses,  is  neces- 
sarily an  exten- 
sive subject.  I 
do  not  propose  tO' 
go  into  details,  or 
the  fundamental 
principles  in- 
volved in  gearing 
in  general,  but 
more  particularly 
to  explain  a  new 
'^'^-  2'  and  usefulsystem 

of  gearing,  which  is  the  result  of  much  research  and  careful  practical  ap- 
plication. Thousands  of  gears  have  been  determined  by  this  system,  in 
this  country  and  in  England,  and  many  flattering  testimonials  have 
been  received  of  their  easy  and  almost  noiseless  working. 
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The  curves,  from  which  this  system  was  determined,  are  known  as  the 
epicycloi(],  for  the  fjces  of  teeth,  and  epitrochoid,  for  the  flanks  of  teeth. 
Figures  1  and  2  will  serve  to  explain  the  raethod  of  generating  the 
curves.  No  adopted  rolling  circles  are  used.  The  pitch  circles  generate 
for  themselves  in  this  system,  as  they  do  in  all  gears  in  actual  service. 
In  figures  1  and  2,  two  templets,  a  and  b,  are  provided,  representing 
gears  with  pitch  diameters  respectively  of  12  and  30  teeth,  six-inch  pitch. 
A  piece  of  wood,  c,  is  attached  to  templet  a,  in  Figure  1,  to  carry  a  marker 
<Z,  to  generate  face  of  tooth  for  gear  of  30  teeth;  the  marker  d  represent- 
ing side  of  tooth,  of  12  tooth  pinion,  will  generate  a  face  for  gear  of  30 
teeth  that  will  precisely  contour  with  flank  of  12  tooth  pinion,  when  said 
-flank  is  generated  with  a  marker  placed  at  e.  In  Figure  2  the  piece  of 
wood  c  is  attached  to  templet  a,  to  support  marker  d  outside  of  pitch 
circle. 

The  position  of  marker  represents  end  of  tooth,  and  will  generate  flank 
for  a  gear  of  30  teeth,  that  will  contour  with  face  of  pinion  tooth  when 
■said  face  is  generated  with  a  marker  placed  at  e.  By  this  method  of 
generating,  any  pair  of  gears  intended  to  work  together  will  work  abso- 
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Jutely  correct,  with  true  velocity  ratio,  and,  if  necessary,  without  any 
-clearance  at  sides  or  base  of  teeth.  Gears  thus  generated  only  work  in 
pairs.  In  practice,  the  objection  to  this  is  that  gears  so  determined  will 
not  interchange.  The  system  we  have  before  us  overcomes  this  difficulty 
in  a  very  simple  manner,  and  at  the  same  time  gives  as  near  an  approxi- 
mation as  possible  to  the  true  curvature,  as  generated  by  pitch  circles 
already  explained. 

Suppose,  as  io  Figure  3,  that  the  pitch  circle  is  for  200  teeth,  six-inch 
pitch,  the  curve  a  a!  is  generated,  as  already  described,  by  using  a  gen- 
erating circle  equal  in  diameter  to  200  teeth,  six-inch  jiitch.  The  curve 
6  6'  is  generated,  as  already  described,  by  using  a  generating  circle  equal 
in  diameter  to  10  teeth,  six-inch  pitch.  These  lines,  act!  and  hh' ,  are  the 
two  extreme  forms  of  teetli  for  a  gear  of  200  teeth,  six-inch  pitch, 
assuming  200  to  be  the  highest  and  10  the  lowest  number  of  teeth  to 
be  used  for  general  purposes.  The  line  cd  is  a  medium  or  average 
line  of  the  two  extremes,  which  is  found  by  using  nearest  radii  to  the 
curves.  Accepting  the  distance  from  pitch  line  to  intersecting  lines 
<?  d',  as  that  portion  of  the  tooth  that  is  most  in  contact,  it  is  necessary 
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to  accept  this  intersecting  point,  where  the  average  can  be  taken,  on 
account  of  having  to  allow  clearance  at  bottom  of  tooth.  It  will  be 
understood  that  the  average  line  cc' extends  beyond  dd'.  It  is  im prac- 
ticable, however,  to  average  that  ponion  of  flank  below  d',  on  account  of 
having  to  give  clearance  at  base  of  teeth.  That  portion  of  face  above  dis 
■caused  to  be  slightly  smaller  than  the  average.  This  is  a  j  radical  advan- 
tage, as  it  allows  that  part  of  face  of  tooth  above  d  to  get  within  the  pitch 
circle  of  the  opposite  g^ar  before  coming  in  contact.  This  is  necessary  in 
cast  gearing  on  account  of  inaccuracy  of  jjitch  in  patterns,  or  straining 
of  teeth  in  molds  during  casting. 

Fig.  4  is  a  similar  illustration  to  Fig,  3,  and  the  forgoing  explanation 
is  adapted  to  both  illustrations,  save  that  the  pitch  circle  is  for  10  teeth, 
six-inch  pitch,  the  curve  a  a'  being  generated  with  pitch  circles  of  200 
teeth,  six-inch  pitch,  and  curve  h  b'  with  generating  pitch  circle  of  10 
teeth,  six-inch  pitch.  It  must  be  understood  that  whatever  number  of 
teeth  the  gear  may  contain,  the  200  teeth  and  10  teeth  generating  pitch 
•circles  must  always  be  used.  The  average  being  taken,  in  all  cases,  the 
gears  will  interchange  without  deviatmg  materially  from  the  trueepicy- 
'cloidal  curves  of  face,  and  epitrochoidal  curve  for  flanks,  or  true  curva- 
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ture,  as  generated  with  pitch  circles  only,  of  which  this  is  the  nearest 
practical  approximation. 

Those  who  are  conversant  with  this  subject  will  see  at  once  a  material 
■difference  between  the  system  here  explained  and  that  known  as  the 
Willis,  or  odontograph,  he  adopting  a  single  generating  circle  the  diame- 
ter of  which  is  equal  to  the  radius  of  the  smallest  gear  in  the  set.  Why  such 
a  generating  circle  is  used  on  a  pair  of  gears  of  200  teeth,  intended  to  work 
together  I  am  at  a  loss  to  know,  when  the  true  form  can  only  be  gener- 
ated by  the  two  pitch  circles  being  rolled  together.  I  presume,  by  the 
above,  that  the  200  is  prepared  to  work  with  10  ;  but  the  200  is  not  pre- 
pared to  work  with  one  of  its  own  size,  or  any  other  but  the  10.  By  the 
Willis  system  we  have  a  wedge-shaped  tooth  for  all  gears,  which  has  a 
strong  appearance  ;  but  in  practice  this  amounts  to  nothing,  for  they 
have  less  teetli  in  contact  than  those  of  a  ti-ue  epicycloidal  and  epitro- 
choidal form  generated  by  pitch  circle,  which,  although  smaller  at  the 
root,  has  more  teeth  in  contact,  distributing  the  strain  over  a  larger  por- 
tion of  the  rim.  At  the  same  time  there  is  not  the  objection  in  working 
out  of  gear  as  in  the  Willis,  which  is  caused  by  the  thrust  from  the 
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wedge  form  of  tooth,  wearing?  the  bearings.  It  is  evident  that  the  thrust 
is  as  the  incline  of  the  surfaces  of  the  teeth,  or  the  contact  angles  to  the 
line  centres  of  both  shafts.  In  pinions  the  Willis  system  has  the  reverse, 
viz.,  a  very  weak  tooth  at  the  root.     Pinions  ought  to  be  as  strong  as 


FIG.  7.  FIG.  8. 

possible  (without  injury  to  their  form),  on  account  of  having  but  one  o 
two  teeth  in  contact. 

Figures  5,  6,  7  and  8  are  drawings  made  to  compare  the  Willis  system 
with  the  Walker  system ;  figures  5  and  6,  representing  a  pinion  of  IS 
teeth  with  a  wheel  of  200  teeth,  both  being  drawn  at  the  same  relative 
position  to  each  other,  that  a  fair  comparison  may  be  seen  of  the  forms 
of  teeth  and  their  points  of  contact. 

In  the  Willis  system  the  points  of  contact  will  be  seen  to  be  much  far- 
ther from  the  base  of  the  i^inion  tootli  than  in  the  Walker  system.  In 
the  tooth  a.  Fig.  5,  we  have  for  Willis  3/^  inches  as  against  3  inches  in 
tooth  a.  Fig.  6,  in  the  Walker.  In  the  tooth  b,  Fig.  5,  we  have  2iV  inches 
in  the  Willis  as  against  1{\  inches  in  tooth  b.  Fig.  6,  in  the  Walker.  The 
thickness  of  pinion  tooth  at  base  in  the  Willis,  is  SfVii  inches  as  against 
2iVcf  inches  in  the  Walker  system.  The  limited  distance  of  these  points 
of  contact  from  base  of  pinion  teeth,  and  the  increased  thickness  of  same, 
gives  a  pinion  much  more  advantage  in  the  Walker  than  in  the  Willis, 
system.    In  the  same  proportion,  as  the  points  of  contact  are  nearer  the 

base  of  pinion  teeth,  so  they 
will  be  farther  from  the  base 
of  the  wheel  teeth,  thus  bring- 
ing the  greatest  strain  or  lever- 
9,ge  on  the  wheel  teeth,  which 
will,  in  all  cases,  be  better  able 
to  bear  it  than  tlie  pinion  teeth. 
Figs.  7  and  8  represent  a  pair 
of  wheels  of  200  teeth,  both 
being  drawn  at  the  same  rela- 
tive position  to  each  other,  Fig. 
7  being  from  the  Willis  system 
and  Fig.  8  from  the  Widker  sys- 
tem. The  angle  lines  form  tan- 
gents to  the  points  of  contact  and  show  clearly  tliat  there  will  be  an 
excess  of  thrust  on  the  teeth,  also  the  bearings,  in  the  case  of  the  Willis 
wheels.  At  the  point  a,  Fig.  8,  the  teeth  will  be  seen  to  be  much  nearer 
contact  than  in  Fig.  7,  showing  that  there  are  more  teeth  in  contact,  or 
that  they  remain  in  contact  longer. 


GEARING. 


51 


Figs.  9,  10  and  11  are  illustrations  of  extreme  numbers  of  teeth  in  gear, 
determined  by  this  (Walker's)  system.  It  will  be  observed  that  the  form 
of  teeth  in  the  pinions  of  10  teeth  are  all  alike;  also,  the  form  of  teeth  for 
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FIG.  10. 
gears  of  200  teeth  are  alike.     These  two  extreme  numbers  of  teeth  have 
been  selected  for  illustration,  as  they  are  really  the  worst  cases  to  deter- 
mine.    All  other  numbers  of  teeth  are  as  the  difference  of  their  diam- 
eters,   the    difficulties 
lessening  as  the  gears 
approach  an  average  of 
the  two  extremes.     In 
dehneating  the  forms 
of   teeth    and    finding 
the  respective  radii  for 
the  average  line,  as  ex- 
plained in  Fig.  3,  the 
writer  used  templets  of 
6-inch  pitch  for  gears    _ 

of  10,12,  15,  20,  30,  50,  FIG.  11. 

100  and  200  teeth,  also  a  rack.  The  forms  of  teeth  were  found  for  each 
gear  by  using  pitch  circles  of  10  and  200  teeth  respectively,  as  in  Fig.  3, 
for  the  generating  circles,  they  being  chosen  before  as  the  limits.  To 
determine  the  teeth  of  gears  by  tliis  plan  would  be  tedious.      To  obviate 


this  the  writer  has  arranged  a  very  complete  and  convenient  chart  or 
scale,  known  as  Walker's  Wheel  Scale,  whereby  any  person  v,'ith  ordinary 
mechanical  ability  may  delineate,  in  a  few  moments,  the  proper  form  of 
tooth  for  any  particular  gear  needed. 
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Fig.  13  i=;  an  illustratio'i  of  chart  or  scale.  From  the  portion  A  we  gefc 
the  length  of  tooth  for  any  gear  ;  from  the  portion  B  we  get  half  the  thick- 
ness of  tooth  on  pitch  circle  ;  from  portion  C  we  get  half  thickness  of 
tooih  at  root  for  any  gear ;  from   portion  D  we  get  half  thickness  of 
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tooth  at  point.     These  half  thicknesses  are  set  off  on  each  side  of  centre 
or  radial  line,  as  in  Fig.  13. 

Figure  14  is  a  complete  illustration  of  three  teeth  determined  from  the 
scale  for  a  spur  gear  of  6-incli  pitch  and  60  teeth.  The  pitch  arc  a  a  being 
struck  with  pioper  radius  we  draw  radial  line  hb  ;  from  scale  set  off  ao 
and  a  d.  forming  lengths  of  flank  and  face  I'espectively  ;  from  scale  set 
off  be,  bf,  bg,  on  each  side  of  radial  or  centre  line,  forming  thicknesses 
at  pitch  line,  root,  and  point  of  tooth  ;  then  with  r.fdius  c  h,  for  flank  of 
tooth,  taken  from  scale  for  a  gear  G-inch  pitch  and  60  teeth,  intersect  arcs 
at  c  from  e  and  /  on  both  sides  of  to  )th.  These  intersections  Indicate 
position  for  |)ath  of  centres  for  striking  the  flanks  of  the  teeth.  Then 
with  a  radius  ci,  for  face  of  tooth,  taken  from  scale  for  a  gear  6  inch 
pitch  and  60  teeth,  intersect  arcs  at  c  from  e  andg,  on  both  sides  of  tooth. 
These  intersections  indii  ate  position  for  path  of  centres  for  striking  the 
faces  of  the  teeth.  Tlie  fillets  at  the  roots  of  teeth  are  struck  with  radii 
provided  for  on  scale.  In  determining  gears  with  less  than  30  teeih,  as  in 
figure  15,  arus  e  e  struck  with  radius  equal  to  half  thickness  of  tooth  are 
used  across  pitch  line,  allowiog  the  arcs  forming  flanks  and  faces  of 
teeth  to  blend  witUthem.  The  forms  of  teeth  from  this  system  are  such 
as  to  roll  easily  on  each  otlier  without  jarring. 

Joshua  Rose  after  investigating  this  system,  says  in  Cincinnati  Artisan 
of  Dec.  1st,  1879  :  "  The  g<meral  results  obtained  hy  the  Walker  system 
are,  that  in  small  gears  there  are  more  teeth  in  contact  than  would  be 
the  case  if  rolling  circles,  equal  in  diameter  to  the  smallest  gear  of  the 

set.  were  employed,  while  the  point 
of  contact,  taken  at  any  position 
of  a  gear  and  pin  on,  is  nearer  the 
base  of  the  pinion  tooth,  giving  a 
longer  operative  length  of  flink 
than  would  be  obtained  by  strik- 
ing the  flank  curves  from  a, point 
on  the  pitch  circle,  instead  of  from 
a  point  on  the  addendum  circle 
or  point  of  the  tooth."  This  addendum  point  was  clearly  illustrated  at  e 
in  Figure  1.  and  d  in  Figure  2. 

Fig.  16  is  an  illustration  of  my  metliod  of  ascertaining  whether  a  pair 
of  gears  will  work  together  without  making  templets  for  that  purpose. 


FIG.   16. 
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All  geare  (irrespective  of  their  diameter)  working  together  make  the 
same  feet  per  minute,  on  their  pitch  lines;  hence  we  set  off  A.  B,  C,  D,  as 
in  Fig.  16,  any  equal  distance  apart  on  pitch  circle  of  both  gears,  then 
with  radii  for  faces  and  flanks  of  both  gears  describe  arcs  from  A,  B,  C, 
D,  always  keeping  one  and  of  dividers  on  Ihe  "  path  of  centres"  belong- 
ing to  that  part  of  the  teeth  being  described.  The  lines  thus  described 
will  show  the  relative  position  of  the  teeth  at  various  positions  of  the 
gears. 


NOTES   RELATING  TO  THE  EARLY  HISTORY  OF  TRANSPORTA- 
TION IN  MASSACHUSETTS. 


By  Professor  George  L.  Vose,  Member  op  the  Boston  Society  op  Civil  Engineers. 
[Read  November  19,  1884.] 


At  the  close  of  the  last  century  two  coaches  and  twelve  horses  were 
sufficient  for  the  conveyance  of  passengers  between  Boston  and  New 
York,  and  a  week  of  hard  traveling  was  consumed  in  the  journey.  At  the 
present  time  the  two  cities  are  connected  by  four  lines  of  railway,  over 
which  not  less  than  twenty- four  millions  of  passengers  are  annually  car- 
ried. In  the  year  1800  the  whole  freighting  business  between  Boston  and 
the  interior  was  done  by  half  a  dozen  wagons,  which  on  the  most  im- 
portant routes  ran  as  often  as  once  a  week,  and  carried  from  one  to  two 
tons  each.  At  the  present  time  eight  lines  of  railway  terminate  in  Bos- 
ton, over  which  not  less  than  twelve  million  tons  of  freight  are  trans- 
ported each  year.  It  may  be  interesting  to  look  at  some  of  the  inter- 
mediate stejjs  in  the  process  which  in  less  than  a  hundred  years  has 
produced  so  great  a  change,  and  has  wrought  a  social  and  commercial 
revolution  as  remarkable  as  any  the  world  has  ever  seen. 

There  is  little  to  be  found  in  regard  to  the  beginning  of  transportation 
in  Massachusetts,  except  the  advertisements  in  old  papers,  and  the  some- 
what doubtful  and  contradictory  statements  of  the  "  oldest  inhabitants." 
The  transition  from  the  private  to  the  public  conveyance  whs  a  very 
gradual  one.  First,  a  horse  was  borrowed,  then  a  chaise  ;  then  both 
horse  and  chaise  ;  then,  to  meet  a  slowly  growing  demand,  a  horse  and 
chaise  were  kept  to  be  let ;  finally  a  driver  was  added,  and  the  age  of  the 
stage-coach  commenced.  In  the  Boston  Evening  Post  for  1767  we  find, 
during  the  months  of  August,  Septerober  and  October,  the  following 
advertisement:  "Stage  coach  No.  1,  kept  by  Thomas  Sabin.  Sets  out 
every  Tuesday  morning  from  the  house  of  Mr.  Richard  OIney,  Innholder, 
at  the  coffee  house,  the  sign  of  the  Crown,  in  Providence,  to  carry 
travelers  to  Boston  on  the  most  expeditious  and  cheap  rate.  While  in 
Boston  he  puts  up  at  Mr.  John  Burrows',  at  the  sign  of  the  Lamb,  where 
he  will  be  ready  to  wait  on  all  those  who  may  be  pleased  to  return  with 
him  on  the  Tuesday  following.  Said  Sabia  has  providf^d  himself  with 
Beveral  sets  of  good  horses  for  said  purpose,  and  intends  following  the 
business  all  the  summer  season.  All  gentlemen  and  ladies  may  depend 
on  the  most  i:eady  observance  of  their  desires  by  their  very  humble  ser- 
vant— Thomas  Sabin." 

In  1770  Benjamin  Coats,  landlord  of  the  Ship  Tavern,  on  North  street. 
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Bostoii,  gave  notice  that  he  had  bought  a  new  "stage-chaise"  which 
would  run  between  Salem  and  Boston,  so  that  he  will  be  able  to  carry 
and  bring  passengers,  bundles  and  the  like  every  day  except  Sunday. 
In  1771  Benjamin  Hart  advertises  that  he  has  left  riding  the  single  horse 
post  between  Boston  and  Portsmouth,  and  now  drives  the  liost-chaise 
lately  improved  by  John  Noble.  He  sets  out  from  Boston  every  Friday 
morning,  and  from  Portsmouth  every  Tuesday  morning  following.  The 
above  conveyance,  he  says,  has  been  found  very  useful,  and  the  more  so 
as  there  is  another  "  curricle,"  improved  by  J.  S.  Hart,  who  sets  off  from 
Portbmouth  the  same  day  this  does  from  Boston,  by  which  opportunity 
offers  twi(;e  a  week  for  travelers  to  either  place. 

The  traveling  between  Boston  and  New  York  would  seem  to  have  been 
in  anything  but  a  satisfactory  condition  towards  the  end  of  the  last  cen- 
tury, if  we  may  judge  from  the  description  of  the  journey  by  the  late 
President  Quincy  of  Hai^vard  College.  "  The  carriages,"  he  says,  "  were 
old,  and  the  shackling  and  much  of  the  harness  made  of  ropes.  One 
pair  of  horses  carried  us  18  miles.  We  generallj^  reached  our  resting 
place  for  the  night,  if  no  accident  intervened,  at  ten  o'clock,  and  after  a 
frugal  supper  went  to  bed  with  a  notice  that  we  should  be  called  at  three 
next  morning,  which  generally  proved  to  be  half-past  two,  and  then, 
whether  it  snowed  or  rained,  the  traveler  must  rise  and  make  ready,  by 
the  help  of  a  horn  lantern  and  a  farthing  candle,  and  proceed  on  his  way 
over  bad  roads,  sometimes  getting  out;  to  help  the  coachman  lift  the 
coach  out  of  a  quagmii'o  or  rut,  and  arrived  at  New  Yoi'k  after  a  week's 
hard  traveling,  wondering  at  the  ease  as  well  as  the  expedition  with 
which  our  journey  was  effected." 

Later  in  the  last  century  a  decided  improvement  had  been  effected,  as 
shown  by  the  following  advertisement  in  the  Columbian  Centinel  for 
April  34,  1793.  "JBoston  and  New  York  Stages.  The  subscriber  informs 
his  friends  and  the  public  that  he,  in  company  with  the  other  proprietors 
of  the  old  line  of  stages,  has  established  a  new  line  from  Boston  to  New 
York  for  the  more  i-apid  conveyance  of  the  mails.  The  stage-carriages  of 
this  new  line  will  be  small,  genteel  and  easy,  in  which  but  four  inside 
passengers  will  be  admitted,  with  smart,  good  horses  and  experienced 
and  careful  drivers.  They  will  start  from  Boston  and  New  York  on  the 
first  Monday  in  May,  and  continue  to  run  three  times  a  week  until  the 
first  of  November,  and  will  leave  Boston  every  Monday,  Wednesday  and 
Friday  at  4  o'clock  a.  m.,  and  arrive  at  New  York  in  three  days  and  a  half 
from  their  departure.  They  will  leave  New  York  on  the  same  days  at 
one  o'clock  p.  m.,  and  arrive  at  Bo-ton  on  the  fourth  day  from  their  depar- 
ture at  seven  o'clock  p.  M.  The  number  of  passengers  being  so  small,  con- 
veyance so  agreeable  and  rapid,  the  price  for  each  passenger  will  be  4d_ 
per  mile,  with  14  lbs.  of  ba.?gage  gratis,  and  astbe  proprietors  have  been 
at  such  great  expense  to  erect  this  line,  they  hope  their  exertions  will 
give  satisfaction  and  receive  the  public  patronage." 

•  Besides  the  above  "  Fast  Line,"  the  proprietors  advertise  another  line 
occupying  four  days  for  the  trip,  the  price  being  3d.   per  mile   per   pas- 
senger, with  14  lbs.  of  baggage  gratis,  and  for  every  150  lbs.  of  baggage 
the  same  as  a  passenger. 
Departing  from  Boston  in  another  direction  we  find  in  the  same  year 
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the  following:  "New  Line  of  Stages.  Public  notice  is  hereby  given 
that  a  line  of  stages  for  the  conveyance  of  passengers  is  now  established 
between  the  town  of  Boston  and  the  country  n  jrthwest  thereof  as  far  as 
Walpole,  New  Hampshire,  which  bids  fair  to  be  of  great  public  utility. 
The  arrangements  thereof  are  as  follows  :  A  stage-carriage  drives  from 
Robins'  tavern  at  Charles  River  Bridge  on  Monday  and  Friday  in  each 
week,  and  passing  through  Concord  and  Groton,  arrives  at  Wyman's 
tavern  in  Ashby  in  the  evening  of  the  same  day,  and  after  exchanging 
passengers  there  with  the  stage-carriage  from  Walpole,  it  returns  on 
Tuesdays  and  Saturdays  by  the  same  i"oute  to  Robins'.  Another  carriage 
drives  from  Mann's  tavern  in  Walpole  on  every  Monday  and  Friday,  and 
passing  through  Keene,  arrives  at  Wyman's  in  the  evening  of  the  same 
•day,  and  after  exchanging  passengers  with  the  carriage  from  Charles- 
town,  returns  on  Tuesdays  and  Saturdays  by  the  same  route  to  Walpole. 
The  Charlestown  carriage  drives  also  from  Robins'  on  Wednesday  in 
■each  week,  and  passing  through  Concord  arrives  at  Richardson's  tavern 
in  Groton  on  the  evening  of  the  same  day,  and  from  thence  returns  on 
Thursday  to  Robins'.  Each  of  the  above  carriages  start  uniformly  at  six 
o'clock  in  the  morning.  The  rate  of  passage  in  all  of  the  above  mentioned 
carriage?  is  two  pence  half-penny  a  mile." 

Turning  in  yet  another  direction,  we  find  in  April,  1793,  this  advertise- 
ment:  "Haverhill  Sta2,e-coach.  Notice  is  hereby  given  that  the  Haver- 
hill stage-coach  is  complete,  with  genteel  curtains  and  cushions,  and  a 
pair  of  able  horses,  ready  for  service.  This  stage  sets  out  from  Chad- 
Tvick's  Ferry  in  Bradford  on  Tuesday  at  six  o'clock  precisely,  and  it 
expects  to  arrive  at  Mr.  Isaac  Abbot's  in  Andover  before  eight,  and 
-arrive  at  Jones'  in  Wilmington  by  nine,  and  at  Boston  before  one.  This 
rstage  on  return  sets  out  from  Mr.  Nathaniel  Peabody's  in  Union  street, 
Boston,  at  six  o'clock  on  the  Friday  following,  and  reaches  Haverhill 
before  one.  This  route  will  be  continued  every  week  on  the  days  and 
hours  in  each  as  above  mentioned.  N.  B. — It  is  intended  in  a  short  time 
that  this  stage  performs  this  route  twice  in  a  week.  When  this  takes 
place,  notice  will  be  given.     The  fare,  3d.  a  mile." 

On  the  following  Jaly  (1793)  competition  seems  to  have  commenced,  as 
we  find  the  advertisem-^nt  below  :  "  The  Real  Haverhill  Stage.  Agree- 
ably to  my  former  advertisement  I  now  inform  the  public  that  my  stage 
will  run  twice  a  week  from  Haverhill  to  Boston.  *  *  *  *  Further- 
more, 1  am  prepared  and  determined  this  stage  shall  run  three  times  a 
week  whenever  business  shall  require  it.  The  present  fare  I  put  at  Gs. 
from  Haverhill  to  Boston  and  4s.  6d.  from  Andover,  for  I  am  determined 
the  public  shall  be  well  served.  I  am  sensible  the  sum  is  by  no  means 
:6ufflcient,  but  a  certain  Mr.  A.  has  set  up  in  opposition  a  stage,  long  after 
mine  was  set  up,  and  underbid  a  reasonable  price,  this  having  a  natural 
tendency  to  dpprive  the  public  of  having  any  stage  and  defeat  the  busi- 
ness. I  therefore,  in  my  turn,  have  underbid  him.  Suniuel  Blodget."  To 
the  above  Mr.  Joseph  Adams  replies,  "That  if  the  great  Judge  Blodget 
means  by  the  Real  Haverhill  Stage  that  it  is  something  more  than  shad- 
ow or  appearance,  the  subscriber  will  not  contend  that  point  with  him, 
supposing  if  it  had  been  a  cheat  it  muot  have  been  discovered  a  number 
<of  years  since  from  the  antiquity  of  its  appearance,"  and  adds,  "  Should 
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passengers  suppose  that  the  difference  in  price  is  greater  than  the  differ^ 
ence  of  accommodation  between  the  two  carriages,  it  shall  be  left  witl* 
them  to  make  it." 

Upon  the  Providence  line  again  we  find  in  the  same  summer  (1793)  the- 
germ  of  competition,  followed  by  consolidation,  as  follows  :  "  Boston, 
and  Providence  Stage.  The  subscriber  informs  his  friends  and  the  public 
that  he,  for  the  more  rapid  conveyance  of  the  mail  stage  cariiage 
genteel  and  easy,  has  good  horses  and  experienced,  careful  drivers.  They 
will  start  from  Boston  and  Providence,  and  continue  to  run  three  times 
each  week  until  the  first  of  November.  Will  leave  Boston  every  Monday 
Wednesday  and  Friday  at  five  o'clock  A.  M. ,  and  arr.ve  at  Providence  th& 
same  day  at  two  o'clock  p.  M.  The  price  for  each  passage  will  be  nine 
shillings  only,  and  less  if  any  other  person  will  carry  them  for  that  sum. 
Twenty  pounds  of  baggage  gratis.  Thos.  Beals."  In  the  same  paper 
w^e  have  the  following  :  "  Boston  and  Providence  Stages.  Israel  Hatch 
most  respectfully  informs  the  public  that  his  line  of  stages  will  run  every 
day  in  the  week  excepting  Sunday.  His  coaches  leave  Boston  at  five 
o'clock  A.  M.,  and  arrive  at  Providence  at  two  o'clock  p.  M.  Twenty -four 
excellent  horses,  six  good  coaches  and  as  many  experienced  drivers,  are 
already  provided.  The  horses  will  be  regularly  changed  at  the  half-way 
house  in  Walpole.  The  price  from  Providence  to  Boston  is  only  one 
dollar,  which  is  one-half  the  cui^tomary  price,  and  three  shillings  cheaper 
than  any  other  stage."  The  subscriber  adds  that  he  is  "determined,. 
at  the  expiration  of  the  present  contract  for  conveying  the  mail 
from  Providence  to  Boston,  to  carry  it  gratis,  which  will  undoubtedly 
prevent  any  further  underbidding  by  the  envious."  A  little  later  in  the 
season  in  reply  to  the  above  Mr.  Beals  assures  the  public  that  envious 
motives  were  not  the  causes  that  induced  him  to  erect  his  Imeof  stages. 
He  is  induced  to  believe  that  were  the  public  made  acquainted  with  the 
impositions  practiced  by  a  certain  line  on  private  passengers,  they  would 
not  be  trusted  with  any  thing  of  such  importance  as  the  public  mails, 
even  on  their  much  reduced  and  moderate  terms."  In  August  of  the- 
same  year  a  consolidation  of  the  Hatch  and  Beals  intereste  seems  to  have 
taken  place,  as  we  find  the  Providence  stages  run  by  the  two  proprietors 
in  common,  the  fare  being  $2.50,  the  public  as  usual  paying  for  t^>e  pre- 
vious competition  ;  and  in  the  winter  following  the  stages  are  leaving. 
Boston  every  Monday  and  Thursday  at  six  o'clock  A.  M.  and  returning, 
from  Providence  every  Wednesday  and  Saturday  at  5  a.  m.  and  the 
public  is  notified  that  the  proprietors  are  under  the  necessity  of  rais- 
ing the  fare  to  $3.00  in  consequence  of  the  enormous  price  of  hay  and 
grain. 

Coming  down  a  little  later,  we  find  increased  accommodation  and 
higher  rates  of  speed.  Thus  in  the  Centinel  for  June  10,  1814,  we  have 
the  following  :  "  Boston  and  Providence.  New  Line.  The  subscribers 
respectfully  inform  their  friends,  and  the  public  in  general,  that  they 
have  commenced  running  a  line  of  stages  between  Boston  and  Providence.. 
From  tlie  great  increase  of  travel  on  this  road,  the  accommodation  af- 
forded by  a  new  line  must  be  obvious  to  every  traveler.  *  *  *  » 
The  regular  stage  leaves  Boston  and  Providence  every  day  at  9  o'clock,, 
dines  at  Mr.  Polly's  in  Walpole,  and  arrives  at  Boston  and  at  Providence 
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at  six  o'clock  p.  M.     Fare  $3.00.     Customary  baggage  allowed.    Palmee, 
Davenport  &  Co." 

A  decided  improvement  takes  place  also  in  the  New  York  line,  as  seen 
by  the  following  (CoZ.  Ce/tf.,  July  2,  1814):  "Public  Accommodation. 
New  York  and  Boston.  New  Line  Enterprise.  This  line  is  advertised  to 
run  every  day.  Sundays  excepted,  and  to  make  the  journey  in  two  days,, 
as  follows  :  Leaves  the  Exchange  Coffee  House,  Boston,  every  morning 
(Sundays  excepted)  at  3  o'clock,  passes  through  Dedhani,  Medfield,  Men- 
don,  Douglas,  dines  at  Thompson,  then  proceeds  through  Ashford  and 
Tolland  and  ax'rives,  same  evening,  at  Hartford  to  lodge.  Leaves  HartT 
ford  every  morning  at  3  o'clock,  passes  through  Meriden  and  breakfasts 
at  New  Haven  ;  then  passes  through  Bridgeport  and  Stamford  and  dines- 
at  Horse  Neck,  and  arrives  at  the  City  Hotel  in  New  York  at  8  o'clock  same 
evening  to  lodge,  being  only  two  days  from  Boston  to  New  York.  *  *  * 
In  addition  to  the  stage,  the  131  oprietors  have  established  a  line  of  Post- 
chaises  on  the  same  road,  between  Boston  and  New  York,  for  the  accommo- 
dation of  gentlemen  traveling  with  or  without  their  families.  They  can  be 
furnished  with  carriages  to  start  any  hour  of  the  day,  and  to  go  faster 
than  the  mail,  or  at  their  leisure.  Gentlemen  traveling  in  their  own 
carriages  can  have  post-horses  ;  all  of  which  shall  be  on  the  most  reason- 
able terms." 

On  the  eastern  side  of  Boston  staging  began  to  be  systematized  as  early 
as  1796,  the  pioneer  of  the  Boston  and  Portsmouth  line  being  Benjamin 
Hale,  of  Newburyport.  Mr.  Hale  is  said  to  have  invented  the  trunk-rack, 
by  which  the  baggnge  was  made  to  ballast  the  coach.  In  1818  the  East- 
em  Stage  Company  was  chartered  in  the  State  of  New  Hampshire.  The 
capital  stock  was  fixed  at  first  by  tite  company  at  425  shares,  of  one  hun- 
dred dollars  each,  and  the  charter  extended  for  twenty  years.  The  main 
route  of  this  line  in  1818  was  as  follows:  A  coach  left  Portsmouth  for 
Boston  at  9  o'clock  a.  m.,  dined  at  Topsfield,  and  then  ran  through 
Danversport  and Silem  to  Boston,  and  back  the  same  way  the  next  day,, 
dining  at  Newburyport.  In  1825  the  directors  had  established  a  sinking 
fund,  and  had  carried  $1,000  to  that  account,  had  declared  a  semi-annual, 
dividend  of  four  per  cent,  and  had  created  75  new  shares,  making  up  the 
full  500  allowed  by  the  charter.  The  second  dividend  for  this  year  was  ft- 
per  cent.,  and  in  1826  eleven  per  cent,  was  divided.  In  1828  the  shares 
were  at  a  premium  of  $50,  and  a  semi-annual  dividend  of  8  per  cent,  on 
$150  was  made.  In  1830  the  company  was  incorporated  in  Massachusetts ; 
with  a  capital  of  $100,000.  In  1883  it  was  running  coaches  from  Concord 
to  Portsmouth,  from  Dover  by  two  routes  to  Newburyport,  from  Ports- 
mouth to  Newburyport,  Salem  and  Boston,  from  Salem  to  Haverhill  and 
Lowell,  from  Gloucester  to  Ipswich,  and  from  Lowell  by  two  routes  to 
Newburyport.  In  1833  the  company  was  free  from  debt,  and  o\viied  500  • 
horses  with  equipment  to  correspond.  In  1834  the  stock  stood  at  over 
$200  a  share,  par  being  $100.  In  1835  the  company  was  paying  from 
$8,000  to  $9,000  in  tolls  annually,  and  owned  a  large  amount  of  turnpike»» 
bridge,  bank  and  hotel  stock.  It  was  over  this  line  that  Henry  Clay  was 
carried  from  Pleasant  street  in  Salem  to  the  Tremont  House  in  Boston  in 
Bixty  minutes,  and  upon  this  route  too  Daniel  Webster  was  carried  front 
Boston  to  Portland,  to  sign  the  Ash  burton  treaty,  at  the  rate  of  sixteen:. 
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^ood  English  miles  an  hour.  This  period  (1830  to  1835),  saw  the  culmination 
•of  the  stage  business.  On  the  introduction  of  railroads  it  soon  declined, 
:and  except  as  the  coaches  became  tributary  to  the  railways  they  gave 
-way  to  the  improved  mode  of  transport. 

Soon  after  the  close  of  the  Revolution  the  inhabitants  of  Boston  began 
•to  appreciate  the  fact  that  that  city  labored  under  a  great  natural  disad- 
vantage. It  had  no  direct  means  of  communication  with  the  interior. 
'The natural  lines  of  water  transport  led  away  from  Boston  rather  than 
toward  it.  The  area  drained  by  the  Connecticut  found  naturally  an  outlet 
through  Hartford  to  New  York.  The  Blackstone  valley  drew  the  traffic 
from  Worcester  County  to  Providence,  while  the  large  interior  of  New 
Hampshire  naturally  followed  the  course  of  the  Merrimac  to  Newbury- 
porfc.  The  su?cess  of  the  Dake  of  Bridgewattr's  canal  from  Liverpool  to 
Manchester  suggested  that  mode  of  interior  communication  as  being  well 
adapted  to  this  country,  and  as  early  as  the  year  1791  we  find  General  Henry 
Knox  engaged  in  making  surveys  for  a  canal  from  Boston  to  the  Connecti- 
cut River,  and  in  1792  getting  a  charter  for  carrying  out  that  work.  This 
document  is  interesting,  both  from  its  antiquity  and  from  the  nature  of  its 
provisions.  The  charter,  which  is  dated  March  8th,  1792,  and  which  was 
approved  by  Governor  Hancock  tvvo  days  1  iter,  incorporates  Henry  Knox, 
-John  Coffin  Jones.  David  Cobb,  Benj.  Hichborn  and  Henry  Jackson,  by  the 
name  of  the  Proprietors  of  the  Massachusetts  Canal,  and  gives  them  the 
exclusive  right  for  the  term  of  fourteen  years  to  establish  a  navigable  canal 
from  any  part  of  the  Connecticut  River  between  the  town  of  Springfield 
and  the  northern  limits  of  the  State,  to  the  town  of  Boston  or  the  waters 
surrounding  it,  and  also  to  open  any  branches  from  said  canal  to  com- 
municate v.'ith  any  other  parts  or  places  in  the  Commonwealth,  and  to 
take,  occupy  and  possess  exclusively,  in  fee  simple  or  otherwise,  any  land 
or  water  which  may  be  necessary  to  complete  said  canal  and  the  append- 
ages thereof,  *  *  *  provided  the  land  so  taken  shall  not  exceed  25 
feet  on  either  side.  The  comyjany  is  also  authorized  to  collect  a  toll  of 
not  more  timn  sixpence  per  ton  per  mile  for  all  quantities  not  less  than  a 
quarter  of  a  ton,  exclusive  of  a  certain  toll  for  passing  locks.  The  riglitS 
above  are  given  to  the  corporators  forever,  provided  that  the  General 
Court  shall  at  all  times  after  the  expiration  of  70  years  from  the  comple- 
tion of  the  canal  alter,  regulate  and  determine  the  toll  thereof,  and  the 
Commonwealth  shall  be  entitled  to  receive  one-quarter  part  of  the  net 
proceeds  thereof  forever.  It  was  further  provided  that  when,  and  so 
often  as  the  proprietors  should  finish  a  proportion  of  said  canal  equal  to 
ten  miles  in  length,  they  should  receive  toll  on  the  same.  It  was  provided 
further,  that  if  the  corporation  should  not  complete  at  least  ten  miles  of 
the  canal  within  five  years  from  the  passage  of  the  act,  the  Legislature 
had  the  right  to  incorporate  another  company  for  the  purpose  of  complet- 
ing  the  work. 

In  a  formal  contract  made  between  Henry  Knox  and  John  Hills,  both 
of  Philadelphia,  it  is  agreed  that  Mr.  Hills  is  to  make  such  examinations 
of  the  country  from  the  Connecticut  River  to  the  tide-water  navigation 
of  Charles  River  at  Watertown,  for  the  jmrpose  of  opening  an  inland 
navigation,  as  shall  be  indicated  by  Henry  Knox;  that  the  results  of  the 
surveys  and  levels,  together  with  all  observations  arising  out  of  the  case, 
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^all  be  delivered  to  the  said  Henry  Knox,  and  that  no  copies  thereof 
-shall  be  delivered  to  any  other  person  on  a  penalty  of  a  thousand  dollars. 
For  this  service  Mr.  Hills  was  to  receive  the  sum  of  three  dollars  a  day 
"  for  his  trouble  and  expenses,"  provided  he  is  not  over  90  days  about  the 
work.  The  correspondence  between  Gen.  Knox  and  Mr.  Hills  shows  that 
the  surveys  were  going  on  during  the  summers  of  1791  and  1793.  These 
surveys  were  most  likely  no  more  than  rough  reconnoissances,  as  Mr.  Hills 
says  of  his  work  during  the  summer  of  1793  that  he  has  used  no  level 
during  the  season,  but  judges  that  if  he  finds  water  on  the  summits 
there  will  be  no  trouble  in  carrying  it  when  it  is  wanted .  The  sum  mer  of 
1791  was  spent  in  examining  the  Chicopee  River  from  above  Springfield 
to  Palmer,  and  in  trying  to  find  a  route  from  that  point  in  a  generally 
easterly  direction  to  strike  the  Charles  River  below  the  Falls.  The  survey 
seems  to  have  followed  the  Chicopee  to  East  Brookfield,  and  thence 
through  Spencer  into  Paxton  and  Holden,  when  it  reaches  the  headwaters 
-of  Halfway  River  (Tatnick  Brook),  which  it  followed  past  the  Stone 
House  Mountain  to  the  Boston  road,  and  so  on  down  the  headwaters  of 
the  BlHckstone,  through  Ward  (Auburn)  and  Sutten  to  Grafton.  The  ex- 
amination also  continued  through  Westboro',  Hopkinton,  Frammgham 
and  Natick,  the  attempt  being  made  to  reach  Charles  River  below  the 
Falls.  This  was  not  successful.  In  a  letter  to  Gen.  Knox,  Mr.  Hills  reports 
that  he  was  in  great  hopes  to  strike  the  Charles  below  the  Fall?,  but  that 
he  has  made  four  attacks  and  as  often  been  repulsed  by  "a  cursed  rocky 
boundary"  within  a  few  miles  of  the  river.  He  therefore  concludes  to 
turn  off  from  Nonesuch  Pond  through  Ward's  and  Bullard's  Ponds,  and  so 
to  Charles  River  in  Dedham,  and  thence  down  the  river,  a  route  involv- 
ing of  course  locking  around  the  Falls.  Later  in  the  season  we  find  him 
exploring  through  Dover  and  down  Charles  River  to  Millbrook,  and 
thence  by  Ne]X)nset  River  to  tide  water. 

In  the  summer  of  1793  Mr.  Hills  was  engaged  in  examining  Miller'^ 
River  and  the  country  from  Worcester  through  Holden,  Boylston,  Ster- 
ling, Princeton  and  Westminster  to  Ashburnham,and  also  through  Lan- 
<?aster,  Leominster  arjd  Fitchburg.  and  he  writes  that  he  expects  soon  to 
explore,  to  see  in  what  direction  he  can  get  to  Concord  River.  Later  we 
find  him  reconnoitering  from  Worcester  to  Long  Pond,  and  thence  by 
Sewall's  and  Spruce  Ponds  and  Muddy  River  to  Nashua  River  in  Boyls- 
ton. and  down  this  river  to  Lancaster.  Surveys  were  also  made  through 
Lexington.  Cambridge  and  Charlestown  to  the  Mystic  River  in  Med- 
ford. 

Mr.  Hills  does  not  seem  to  have  got  so  far  as  to  attempt  any  estimates 
of  the  cost  of  a  canal.  From  the  general  character  of  his  letters  he  would 
seem  to  be  merely  a  common  land  sirrveyor,  and  not  at  all  competent  to 
undertake  any  work  of  engineering.  Among  the  papers  of  Gen.  Knox, 
however,  there  is  a  good  deal  of  corr-espondence  in  regard  to  canals.  He 
^eemsto  have  been  collecting  information  from  all  sources,  among  which 
is  the  following  :  "Expense  of  canal.  A  mile  of  canal,  5  yards  wide  at 
bottom.  8  at  the  surface  of  the  ground,  and  1  deep,  makes  in  one  mile 
11,440  cubic  yards.  In  hard  ground  at  one  shilling  a  yard,  £573.  In 
moderate  ground  at  8d.,  £381  ;  and  in  soft  ground  at  4d.,  £190.  A 
anan's  day's  work  is  reckoned  at  four  shillings."    A  detailed  estimate  is 
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also  given  for  a  lock  of  timber  100  feet  long  in  the  chamber,  12  feet  inside"^, 
with  a  fall  of  8  feet,  the  whole  cost  being £100. 

There  is  no  evidence  that  the  Mas>-achusetti5  Canal  Company  took  any 
active  steps  beyond  the  survey  above  referred  to.  The  interest  in  the- 
project  seems  to  have  been  confined  to  Gen.  Knox  and  a  few  of  his^ 
friends,  who  were  deeply  impressed  with  the  importance  of  a  means  of 
communication  between  Boston  and  the  int'>rior.  That  the  explorations, 
for  such  a  work  should  have  been  made  without  the  use  of  a  level,  and 
that  $3,000  a  mile  should  have  been  thought  sufficient  to  carry  ouc  the- 
plan,  shows  liow  little  conception  of  the  real  nature  of  the  undertaking: 
its  projectors  had.  The  principle,  however,  which  moved  this  small: 
company  so  many  years  asiO  was  the  same  that  in  later  times  resulted  in 
the  construction  of  the  vast  railway  system  which  now  connects  Boston 
with  the  central  and  western  parts  of  the  country,  and  which  has  done^ 
so  much  to  develop  the  resources  of  the  State. 

The  pioneer  work  of  actual  internal  improvement  in  Massachusetts,  if 
not  in  America,  was  the  Middlesex  Canal,  the  inception  and  execution^ 
of  which  was  due  mainly  to  one  of  the  most  distinguished  men  of  the 
last  century,  James  Sullivan.  He  saw,  upon  the  map,  the  Merrimac  River 
reaching  far  up  into  the  heart  of  a  great  State,  which  lacked, 
only  the  means  of  sending  its  products  to  market  to  set  in  motion  a 
thousand  wheels  of  industry.  "The  connection  of  Boston,"  says  Mr. 
Amory,  in  his  excellent  life  of  Sullivan,  "by  a  line  of  navigable  water* 
with  New  Hampshire  and  Vermont,  and  perhaps  with  Canada,  became 
early  for  S  dlivan  a  favorite  project.  The  Merrimac,  after  issuing  front 
Lake  Winnipesaukee,  120  miles  from  Boston,  ran  southerly  within  27> 
miles  of  that  capital,  and  then  turning  abruptly  to  the  northeast  dis- 
charged itself,  after  an  o  >structed  course  of  50  miles,  at  Newburyport.. 
Between  Concord,  in  New  Hampshire,  and  Windsor,  in  Vermont,  the 
Sunapee  Lake  gave  facility  for  connecting  the  Connecticut  and  the- 
Merrimac,  and  the  latter  could  be  made  navigable  by  locks  at  low  cost,- 
Should  the  undertaking  succeed  between  Concord  and  Boston,  the- 
gradual  increase  of  population  and  tratfic  would  in  time  warrant  its 
extension  to  the  Connecticut,  and  perhaps  to  the  St.  Lawrence.  The  first, 
step  was  a  canal  fro'n  Chelmsford  to  Boston."  In  the  month  of  May,. 
1793,  several  gentlemen,  p-omineut  among  whom  were  James  Sullivan, 
L'^arami  Baldwin  and  Jonathan  Porter,  associated  themselves  for 
opening  a  canal  from  the  waters  of  the  Merrimac,  by  Concord  River  or 
some  other  way, through  the  waters  of  Mystic  River  to  the  town  of  Bo«ton; 
and  a  committee  proceeded  at  once  to  obtain  a  charter  from  the  Greneral 
Court,  which  was  signed  by  Governor  Hancock  on  the  22d  of  June,  1793., 
The  company  organized  by  the  choice  of  James  Sullivan  as  president^ 
and  Loammi  Baldwin  and  Jolin  Brooks  as  vice-presidents,  and  proceeded, 
at  once  to  make  the  necessary  surveys  to  find  the  most  eligible  route- 
between  Medford  River  and  the  Merrimac.  An  accurate  survey  in  those,, 
days  was  almost  unknown  in  this  country,  and  a  leveling  instnimenfe 
was  an  unheard-of  thing.  In  January,  .1793,  Mr.  Sullivan  wrote  to^ 
Gen.  Knox  :  "  We  are  under  the  necessity  of  procuring  a  man  who  is- 
ekilled  in  the  business  of  canalino:,  who  can  point  us  to  the  place  where>. 
under  all  circumstances,  the  canal  ought  to  b9  cut.     We  bear  that  sucb. 
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n  person  is  in  Philadelphia,  who  has  come  to  America  on  the  invitation  of 
Mr.  Morris.  We  beg  tlie  favor  of  your  inquiring  whether  such  an  artist 
is  there,  and  whether  we  can  obtain  his  aid."  The  ''  artist"  referred  to 
was  Mr.  Samuel  Weston,  an  engineer  brought  up  in  England  under 
James  Brindl^-y.  A  preliminary  « xamination  of  the  ground  was  made 
in  the  summer  of  1793  by  Mr.  Samuel  Thompson,  of  Woburn.  He  appears 
to  have  made  a  very  careful  study  of  the  country,  but  was  not  provided 
with  instruments  of  sufficient  precision  to  oitain  the  elevations  accu- 
rately. In  March,  1794,  the  directors  voted  to  send  Loammi  Baldwm  to 
Philadelphia,  that  he  might  try  to  get  Mr.  Weston  to  make  the  survey 
for  the  canal,  which  he  succeeded  in  doing.  The  surveys  were  com- 
menced in  July,  and  on  the  2d  of  August,  1794,  a  full  report  was  made 
uupon  the  work.  It  was  found  that  the  route  of  the  canal  would  be 
-crossed  in  Billerica  by  the  Concord  River,  which  at  that  point  was  107 
feet  above  tide  water  at  Boston,  and  27  feet  above  the  Merrimac  at 
Chelmsford,  being  at  the  summit  of  the  canal,  and  able  to  supply  water 
in  both  directions. 

The  work  of  building  the  canal  was  commenced  in  the  spring  of  1795, 
under  the  direction  of  Col  Loammi  Baldwin  the  elder,  and  continued  in 
the  face  of  numerous  difficulties  until  1803.  at  which  time  it  was  so  far 
■completed  as  to  be  navigable  from  the  Merrimac  to  Charles  River.  The 
canal  was  18  feet  wide  on  the  bottom,  39  feet  wide  at  the  water-line  and 
4  feet  deep.  The  locks  were  11  feet  wide  and  76  feet  long,  with  an  aver- 
age lift  of  about  7  feet.  Some  of  the-e  locks  were  made  of  wood,  and 
others  of  stone.  In  the  wooden  locks  the  side  walls,  which  were  of 
"wood,  were  inclosed  between  rough  walls  of  masonry  placed  a  few  feet 
back  of  the  timber-work.  The  masonry  was  thus  the  retaining  wall  for 
the  earth,  while  the  timber  formed  a  tight  box  for  the  water,  the  two 
walls  being  well  braced  apart  by  struts  of  wood.  In  this  way  expens  ve 
masonry  was  avoided,  but  the  cost  of  maintenance  in  after  years  was 
increased. 

Commencing  at  the  Merrimac  River  in  Ch*^lmsford,  at  a  point  just 
above  the  present  "Middlesex"  station  of  the  Nashua  and  Lowt  11  rail- 
way, the  canal  ascended  through  a  connected  flight  of  three  stone  locks, 
the  location  of  which  may  plainly  be  seen  by  the  deep  depression  on  the 
line  of  the  canal  between  the  hotel  and  the  railway,  and  directly  in  front 
of  a  small  house,  which  was  formerly  the  canal  office.  Passing  under 
the  main  stieet  at  Middlesex  village,  and  over  an  aquedtict  across  Black 
Brook,  it  continued  across  the  long  swamp  to  River  Meadow  Brook,  and 
thence  to  Billerica  Mills,  where  it  entered  the  Concord  river  mill-pond 
through  a  stone  guard  lock,  which  is  still  standing  in  the  yard  of  Gov- 
ernor Talbot's  mill.  The  tow-path  was  carried  across  the  pond  on  a 
floating  bridge  or  raft,  and  the  cjnal,  passiiigout  through  another  guard 
lock  just  south  of  the  road,  continued  on  to  Shawsheen  River,  which  was 
crossed  by  a  wooden  trunk  about  40  feet  long,  supported  by  two  abut- 
ments and  a  pier  of  stone.  This  masonry  is  still  to  be  seen  directly  below 
the  common  road,  and  from  its  considerable  height  must  have  been  one 
of  the  most  impos-ing  works  upon  the  line.  Half  a  mile  further 
south  was  Nichols'  lock,  and  a  mile  and  a  half  further  Gillis'  or  Jacques' 
lock.     About  two  miles  further,  and  near  the  Poor  Farm,  in  Wilming- 
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ton,  the  canal  crossed  Maple  Meadow  Brook,  and  made  an  abrupt  bentf 
called  the  Ox-Bow.  A  mile  further  south  the  canal  entered  the  town  of 
Woburn,  running  along  close  to  the  west  side  of  the  traveled  road,  pass- 
ing under  it  near  Wilson's  tavern,  running  a  little  east  of  the  village  of 
North  Woburn,  crossing  the  road  nearly  in  front  of  the  Baldwin  Place^ 
and  continuing  through  the  western  part  of  Woburn  village,  passing  in. 
the  rear  of  the  present  public  library,  it  soon  after  reached  the  site  of 
one  of  the  chief  engineering  features  on  the  route,  the  Horn  Pond  or 
Stoddard's  locks.  At  this  point  the  canal  made  a  descent  of  50  feet  by 
three  sets  of  double  locks,  the  middle  set  being  separated  from  that 
above  and  below  by  a  basin-like  expansion  or  widening  of  the  canal,  by 
which  the  draft  of  water  by  locking  was  equalized.  Half  a  mile  further*, 
and  just  south  of  the  crossing  of  the  outlet  stream  from  Horn  Pond,  wa&- 
a  stone  lock,  and  a  mile  and  a  half  further,  and  just  north  of  Abbajona 
River,  were  Gardner's  locks,  which  were  double.  From  this  point  the 
canal  ran  close  along  the  shore  of  Medford  Pond,  passed  through  the 
fine  grounds  of  Peter  C.  Brooks,  where  there  is  still  standing  a  handsome 
elliptic  stone  arch  built  to  carry  a  farm  road  over  the  canal.  Half  a  mile 
further  south  was  Gilson's  lock,  and  directly  afterward  the  aqueduct- 
over  Mystic  River.  The  present  highway  bridge  rests  on  the  piers  of  the 
old  aqueduct,  which  have  been  built  up  to  suit  the  grade  of  the  present 
road.  From  this  point  the  canal  turned  east,  passing  under  the  Lowell 
Railroad  (though  the  canal  was  built  first).  The  wing  walls  of  the  way 
under  the  railway  may  still  be  seen  cropping  out  of  the  embankment, 
and  the  bed  of  the  canal  is  quite  plain  to  the  eastward  of  the  railroad  for 
some  distance.  Just  in  front  of  the  old  Royal  House  the  canal  passed 
under  the  road,  now  called  Main  street,  and  at  this  point  a  side  or  branch 
canal  about  a  fourth  of  a  mile  long,  with  a  lock  and  a  basin  at  the^ 
upper  end  and  a  lock  at  the  lower  end,  led  to  the  river,  pass- 
ing under  the  old  Medford  turnpike,  and  entering  just  below  the 
bridge.  This  branch  was  used  for  transferring  ship  timber  to 
Mystic  River.  From  this  point  the  canal  followed  very  nearly 
the  base  of  the  hi>h  land,  passing  through  what  is  now  the  Mystic  Trot- 
ting Park,  at  the  southwest  corner  of  which  it  is  plainly  seen,  then  runr 
ning  to  the  sharp  bend  in  the  river  at  the  old  toll-house,  it  turned  to  the 
south  and  parsed  nearly  through  the  middle  of  what  is  now  Broadway 
Park,  curved  around  to  the  base  of  Mt.  Benedict  (Ploughed  Hill  of  Revo- 
lutionary times),  and,  crossing  under  Medford  turnpike  just  at  the  foot 
of  the  present  Austin  street,  to  the  north  of  which  the  bed  may  still  be 
traced  by  the  willows  that  grew  along  the  bank,  it  reached  a  lock  just 
east  of  the  old  road  over  Maiden  Bridge,  and,  curving  around,  passed 
the  present  locations  of  the  Boston  &  Maine  and  Eastern  railroads  a  little 
north  of  Main  street,  where  on  the  east  side  of  the  railroads,  the  canal  is 
plainly  seen  just  back  of  the  lead  factory,  and,  crossing  under  Main- 
street,  it  passed  through  a  lock  and  entered  the  mill-pond,  from  which 
the  boats  were  let  into  the  Charles  River  by  a  lock  with  double  gatea 
arranged  to  work  in  either  direction  according  to  the  state  of  the  t  ide. 

Once  in  the  river  it  was  easy  by  poling,  rowing  or  sailing  to  reach  any 
part  of  Boston  ;  but  the  canal  ju-oper  occupied  the  area  on  which  the- 
Boston  and  Maine  depot  now  stands,  Canal  Street  being  directly  along- 
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side  of  it.  Hale's  Map  of  Boston  shows  the  old  mill  pond  filled  up,  except- 
the  canal,  which  extended  from  Causeway  street  to  Haymarket  square^ 
and  which  was  bridged  over  at  Causeway  and  Traverse  streets.  This, 
part  of  the  canal  was  connected  w^ith  the  harbor,  near  what  is  now  North 
Market  street,  by  a  waterway  which  followed  nearly  the  present  line  of 
Blackstone  street,  and  was  large  enough  for  canal  boats,  and  v^s  bridged 
over  at  Hanover  and  Ann  (North)  streets.  It  was  through,  this  passage 
that  nearly  all  the  stone  for  Quincy  market,  which  came  over  the  Mid- 
dlesex canal  from  Concord,  N.  H.,  was  brought.  The  passage  by  Mill 
Creek  is  shown  on  Carleton's  Map  (1800). 

The  length  of  the  canal  was  27  miles  ;  the  rise  from  the  Merrimac  River 
at  Chelmsford  to  the  Concord  River  mill-pond  at  Billerica  was  27  feet, 
and  the  fall  from  the  mill-pond  to  Charles  River  107  feet.  There  were- 
in  all  20  locks,  48  bridges  over  the  canal,  and  7  aqueducts.  Tlie  work 
was  under  construction  from  1795  to  1803.  The  cost  was  about  $500,000,. 
of  which  about  one-third  was  for  laud  damages. 

The  traffic,  which  was  mostly  freight,  was  carried  in  flat-bottomed 
boats,  with  a  rectangular  midship  section  reduced  a  little  toward  the 
ends.  By  the  regulations  of  the  canal,  boats  were  required  to  be  not  less 
than  40  feet  nor  more  than  75  feet  long,  and  not  less  than  9  feet  nor  more 
than  9^  feet  wide.  Each  boat  was  drawn  by  one  horse,  the  towing  line- 
being  attached  to  a  short  mast,  wliich  was  placed  a  little  aliead  of  the 
centre.  The  crew  consisted  of  one  man  to  drive  and  one  to  steer,  except. 
in  the  case  of  boats  running  up  to  Merrimac  River,  which  had  one 
man  to  steer  and  two  to  pole.  These  boats  carried  from  16  to  30- 
tons,  and  drew  about  2^  feet  when  load^-d.  Freight  boats  were 
required  to  make  21  miles  an  hour,  and  passenger  boats  4  miles.  Boats 
of  the  same  class  going  in  the  same  direction  were  not  allowed 
to  pass.  The  usual  tima  for  freight-boats  between  Boston  and  Lowell  was 
about  18  hours  for  the  passage  up  and  12  hours  coming  down,  and  for 
passenger  boats  12  hours  going  up  and  8  hours  coming  down.  These 
last,  which  were  called  packets,  were  shaped  much  like  the  present  Erie 
Canal  boats,  and  had  a  covei-ed  cabin  extending  the  whole  length,  except- 
ing a  small  standing  room  at  each  end  for  working  the  boat.  At  first 
there  were  two  of  these  packets,  one  running  up  and  two  other  down 
daily;  but  this  not  proving  profitable,  one  was  taken  off,  the  remaining 
one  running  up  one  day  and  down  the  next.  A  horse  could  draw  25  tons 
on  the  canal  as  easily  as  one  on  the  common  road.  Coal,  salt,  slates,  raw- 
cotton  and  imported  goods  were  carried  to  the  interior,  while  lumber,, 
wood  and  country  produce  came  to  the  city.  A  great  many  rafts  of  lum- 
ber and  large  quantities  of  ship  timber  were  brought  down  the  canal,  a 
single  yoke  of  oxen  drawing  no  less  than  100  tons,  a  load  which  would 
have  required  80  teams  on  the  common  road.  These  rafts  were  75  feet, 
long  and  9  feet  wide,  and  were  generally  united  into  "  bandb"  of  from 
seven  to  ten  rafts.  The  company's  charter  allowed  a  toll  of  one-sixteenth 
of  a  dollar  per  mile  for  every  ton  of  goods  carried  in  the  boats,  and  the 
same  for  every  ton  of  timber  floated  in  rafts.  The  actual  rates  ranged 
from  |1  to  $2  per  gross  ton  for  the  27  miles  from  Boston  to  Lowell. 

Although  the  Middlesex  Canal  was  completed  in  1803,  gi-eat  expense 
was  incurred  for  many  years,  owing  to  imperfections  in  the  banks  and 
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-other  parts  of  the  work,  and  nearly  the  whole  income  was  expended  in 
additions,  alterations  and  repairs,  sr>  that  no  dividend  was  declared 
until  Feb.  1st,  1819.  One  hundred  assessments  were  put  upon  the  shares, 
which,  with  interest  added  to  the  above  date,  amountfd  to  $1455.85 
on  each  share,  making  the  whole  cost  of  the  canal  $1,164,200.  From 
1819  to  18^3  there  was  paid  in  dividends  $504  a  share,  averiging  $20.16  per 
annuiu.  being  an  interest  on  the  cost  of  about  tf^g  per  cent,  per  annum. 
From  the  year  1819  to  the  time  when  the  Lowell  railroad  went  into  opera- 
tion the  receipt  3  regularly  increased,  sothar  the  dividends  rosefrom$10to 
$30  a  share.  The  year  the  Boston  &  Lowell  Road  was  opened  the  receiptg 
of  the  canal  were  reduced  one-third,  and  when  the  Nashua  &  Lowell  road 
was  opened  they  were  reduced  another  tliird.  The  receipts  of  1843-43  were 
not  enough  to  cover  the  cost  of  repairs  and  current  expenses.  After 
1840  the  traffic  was  small,  though  boats  continued  to  run  until  1852.  In 
1859  the  charter  was  declared  forfeited.  The  property  was  finally  dis- 
posed of  for  about  $130,000,  and  after  the  final  dividend  little  more  than 
the  original  assesstnents  had  been  returned  to  the  stockholders.  When 
the  Middlesex  Canal  went  into  operation  it  was  the  greatest  work  of 
internal  improvement  in  America.  It  had  been  22  years  in  operation 
when  in  October,  1825,  DeW  itt  Clinton  made  his  triumphal  pass  ige  from 
Lake  Erie  to  the  Hudson  River.  Like  many  more  recent  works  it  pro- 
duced a  large  indirect  benefit.  It  was  said  by  Daniel  Webater  to  have 
add.  d  $5,000,000  to  the  value  of  the  New  Hampshire  forests. 

Closely  connected  with  the  Middlesex  Canal,  and  making  an  impor- 
tant part  of  tlie  s;ime  system  of  transportation,  was  the  Meriimac  Boat- 
ing Company,  known  later  as  the  Concord  Boating  Co.  By  a  series  of 
locks  and  short  canals  the  Merrimac  River  was  made  navigable  as  far  as 
Concord,  N.  H.  The  principal  works  along  the  river  were  the  Bow, 
irook>et,  Amoskeag,  Union  and  Wicasee  canals.  By  this  system  of  im- 
provements a  water  route  of  57  miles  was  added  to  the  length  of  the 
Middlesex  Canal  proper,  making  84  miles  in  all  from  Boston.  Over  this 
Toute  a  large  amount  of  freight  was  carried  for  many  years,  and  upon 
this  line  of  navigation  a  very  complete  system  for  conducting  such  oper- 
ations was  originated.  In  a  report  made  by  a  committee  of  the  direc  ors  of 
the  Middlesex  Canal  in  1815,  the  opinion  isgivr>n  that  the  Merrim  ic  River 
improvement  is  necessary  to  the  final  succcss  of  the  Middlesex  Canal;  that 
its  usefulness  is  sure  to  increase  largely,  ani  it  was  further  tuguested 
that  an  extension  of  the  system  thtough  the  Contocook  River  to  Suna- 
pee  Lake,  and  thence  by  Sugar  River  to  the  Connecticut  at  Claiemont 
(a  route  now  followed  by  the  Concord  &  Claremont  Rilway)  may  be 
practicable,  by  which  it  was  reckoned  that  the  water  carriage  from  Bos- 
ton would  be  increased  to  300  miles.  Indeed,  shortly  after  the  date  of 
the  above  report  the  Legislature  passed  a  nsi'lve  appointing  Prolessor 
Parriir,  of  Cambridge,  and  Loammi  Baldwin  to  survey  this  route  at  the 
public  expense-,  which  was  done,  and  but  for  tlie  introduction  of  rail- 
ways the  work  would  no  doubt  have  been  caiTied  out. 

The  Blackstone  Canal,  connecting  the  cities  of  Providence  and  Worces- 
ter, was  first  propose!  by  John  Brown,  of  Providence,  who  at  a  very 
early  aate  had  a  survey  made  and  secured  a  charter  from  the  State  of 
Rhode  Island.     He  was,  however,  unable  to  obtain  one  from  Massa- 
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■chusetts,  and  the  project  slumbered  until  1832,  when  it  was  again  taken 
up  both  in  Providence  and  in  Worcester,  and  the  distinguished  engineer 
-of  the  middle  division  of  the  Erie  Canal,  Benjamin  Wright,  was  em- 
ployed to  make  the  necessary  surveys.  He  proposed  a  canal  32  feet  wide 
-at  the  top,  18  feet  at  the  bottom  and  3i  feet  deep,  with  locks  10  feet  wide 
and  70  feet  long.  The  length  was  45  miles,  with  62  locks,  making  a 
descent  of  451  {'J^^  feet,  and  the  estimated  cost  was  $323,319.  Upon  this 
the  committee  having  the  matter  in  hand  observed:  "  Such  is  the  report 
of  a  skilled  engineer,  and  such  is  the  mathematical  certainty  with  which 
questions  such  as  came  under  the  consideration  of  Mr,  Wright  are 
capable  of  being  investigated,  that  the  result  obtained  by  the  surveys 
of  scientific  men  may  safely  be  considered  as  approximating  very 
nearly  to  the  truth."  In  this  report  the  cost  of  transportation,  exclu- 
sive of  tolls,  was  reckoned  at  one  cent  per  ton  per  mile,  or  $1  a  ton 
for  100  miles,  while  the  usual  cost  of  conveyance  was  .$1.25  per  cwt., 
or  $25  a  ton  for  100  miles ;  and  the  report  continues:  "If  any  one 
doubts  whether  the  canal  wiU  be  useful  to  him,  let  him  remember  that 
his  goods  will  bear  the  same  price  in  the  market  whether  he  pays  $10 
or  $2  for  transportation,  and  the  only  question  with  him  will  be 
whether  he  chooses  to  make  or  to  throw  away  naoney." 

The  work  on  this  canal  was  completed  in  Rhode  Island  in  1824,  and  in 
1826  it  was  commenced  in  Worcester.  In  1828  the  first  boat  was  received 
into  the  upper  basin  near  Lincoln  Square.  The  length  was  about  50 
miles,  and  the  cost  $750,000,  more  than  half  of  which  was  raised  in 
Rhode  Island.  Traffic  continued  on  this  canal  until  the  introduction  of 
railways,  when  in  1844  the  company  got  the  right  to  sell  out  to  the 
Providence  and  Worcester  Railroad,  the  line  of  which  for  a  considerable 
part  of  its  length  corresponds  very  nearly  with  that  of  the  canal. 

In  the  year  1825  the  Legislature  of  Massachusetts,  in  accordance  with  a 
petition  from  many  prominent  men,  provided  for  a  commission  "  to  ascer- 
tain the  practicability  of  making  a  canal  from  Boston  Harbor  to  the  Con- 
necticut River,  and  of  extending  the  same  to  some  point  on  the  Hudson 
River  in  the  vicinity  of  the  junction  of  the  Erie  Canal  with  that  river." 
The  commission  consisted  of  Nathan  Willis,  Elihu  Hoyt  and  Gen.  H.  A. 
S.  Dearborn  ;  and  Loammi  Baldwin,  Jr.,  was  appointed  to  make  the  sur- 
veys. The  commissioners  found  it  necessary  to  examine  four  entire 
routes  from  Boston  to  the  summit  between  Boston  and  the  Connecticut 
River,  two  from  thence  to  the  Connecticut,  one  by  the  way  of  Worces- 
ter, and  one  by  the  way  of  Fitchburg,  and  two  from  the  Connecticut  to 
the  Hudson,  as  well  as  several  lateral  deviations.  The  northern  route, 
which  is  the  one  shown  on  Mr.  Baldwin's  plan,  and  which  is  almost 
exactly  the  present  route  of  the  Fitchburg,  Vermont  and  Massachusetts 
and  Troy  and  Greenfield  railroads,  was  regarded  as  the  best;  first,  because 
the  continuation  of  that  route  reached  the  Berkshire  Hills  at  the  best 
point  for  a  passage,  and  second,  because  it  was  feared  that  if  the  canal 
ran  through  Worcester  to  Springfield,  boats  having  passed  down 
the  Connecticut  to  Springfield  would  keep  on  down  the  river  in- 
stead of  going  to  Boston,  and  thus  the  country  above  Miller's  River, 
instead  of  finding  a  market  at  Boston,  would  go  elsewhere.  From  the 
>Connecticut  to  the  Hudson  there  was  but  one  point  where  the  Berkshire 
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range  could  be  passed,  and  that  was  where  the  Deerfield  on  the  east  and? 
the  Hoosac  on  the  west  were  only  about  four  miles  apart.  From  Bostom 
to  the  Connecticut  River  the  route  proposed  passed  from  the  Mill  Dam 
in  Boston  (where  Mr.  Baldwin  suggested  a  tidal  basin  for  vessels) 
through  Brighton,  Watertown.  Waltham,  Weston  and  Lincoln,  to 
Lee's  Bridge,  on  Concord  River,  and  thence  through  Concord, 
Acton,  Littleton,  Groton,  Shirley,  Lunenberg,  Fitchburg,  Ash  burn-' 
ham  and  Winchendon,  to  Miller's  River,  and  so  on  by  Royalston,  Athol, 
Orange,  Wendell  and  Montague  to  the  Connecticut ;  thence  up  the 
Deerfield  to  the  great  bend  near  Rice's  tavern,  from  which  point  it  was. 
proposed  to  tunnel  the  Hoosac  Mountain  to  reach  .North  Adams,  and  then 
to  continue  by  the  Hoosac  Valley  to  the  Hudson  River.  With  regard  to 
the  Boston  end  of  the  work  the  re]Dort  says  :  "  The  canal  ought  to  termin- 
ate in  a  capacious  basin  east  of  Washington  street,  where  the  communica- 
tion may  be  easy  between  sea  vessels  and  canal  boats  ;  and  to  effect  this 
an  enclosure  with  lock  gates  should  be  formed  for  the  admission  of  ships 
or  smaller  vessels  to  the  surface  of  the  basin,  kept  nearly  on  the  same 
constant  level.  From  this  a  canal  may  extend  aci'oss  to'  Wheelar's  Point 
(foot  of  Beach  street)  and  thence  to  India  wharf.  Another  may  be  carried 
from  the  basin  across  Washington  street  and  along  the  foot  of  the  com- 
mon, on  the  site  of  the  old  rope-walks,  to  West  Boston  or  even  to  Cragie't- 
Bridge." 

The  rise  and  fall  of  the  canal  from  Boston  to  the  Connecticut  River 
was  1,956  feet,  calling  for  about  400  locks  ;  and  the  estimated  cost  of  thit 
13art  of  the  work,  100  miles,  was  .$3,000,000.  The  estimated  cost  of  the 
line  from  the  Connecticut  to  the  Hudson  River,  78  miles,  was  $3,023,172  ; 
of  which  the  tunnel  (4  miles  long)  was  reckoned  to  take  $230. 808  per  mile, 
or  $920,832  for  the  whole  length,  the  excavation  being  taken  at  |4.25  a 
yard.  A  scheme  was  also  submitted  for  a  passage  of  the  Berkshire  range, 
by  means  of  locks,  through  the  Stamford  and  Reedsborough  gorge  in 
Vermont.  This  route  called  for  220  locks  in  a  distance  of  18  miles, 
requiring  two  days  for  the  passage,  while  the  'tunnel  was  reckoned  to 
need  only  one  and  a  third  hours.  The  cost  of  the  extra  18  miles  of  lock- 
age was  estimated  at  $2,090,000,  or  $1,169,168  more  than  the  tunnel. 
The  total  estimated  cost  of  the  canal  from  Boston  to  the  Hudson  River 
by  the  tunnel  line  was  thus  $6,023,172.  The  size  proposed  by  Mr.  Bald- 
win for  the  canal  was  28  feet  at  the  bottom,  43  feec  at  the  surface  of  the 
water,  and  5  feet  deep.  The  locks  were  to  be  14  feet  wide  and  80  feet 
long.  The  report  of  the  Commissioners  was  laid  before  the  Legislature 
in  1826,  but  no  more  was  done  in  regard  to  the  canal. 

Two  years  later  (in  1828)  surveys  were  made  by  James  Hay  ward  for  a. 
canal  from  Boston  to  the  Blackstone  Canal  in  Meriden,  and  thence  by  a  very 
circuitous  route  to  the  Connecticut  Valley,  which  made  the  distance  from 
Boston  to  Springfield  about  46  miles  further  than  by  the  stage  road,  and 
from  Boston  to  Worcester  26  miles  further  than  by  the  tm'npike.  The 
oust  of  the  work  was  estimated  at  about  $12,000  a  mile.  While  these 
various  canal  schemes  were  strongly  recommended  by  the  Governor  in 
several  messages,  and  while  the  originators  and  f  liends  of  the  enterprises 
were  active,  intelligent,  far-sighted  and  public  spirited,  nothing  was  done 
toward  carrying  out  these  works ;  chieflj^  no  doubt,  on  account  of  their 
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great  cost,  which,  it  was  assumed,  must  be  borne  largely  if  not  entirely 
by  t'je  S:ate.  It  was  just  as  well,  however,  that  these  works  were  not 
und.n-taken,  for  they  would  have  been  quickly  replaced  by  the  great  im- 
provement of  this  age,  tlie  railway.  Upon  the  4th  of  March,  1826,  Grid- 
ley  Bryant,  who  was  well  informed  in  regard  to  the  early  railway  enter- 
prise in  England,  had  obtained  a  charter  for  a  railroad  four  miles  in 
length  for  the  jjurpose  of  hauling  stone  from  the  granite  quarries  in 
Quincy  to  the  Neponset  River,  to  be  used  in  the  construction  of  Bunker 
Hill  Monument.  This  work  was  commenced  on  the  1st  of  April,  1826, 
and  on  the  7th  day  of  October  following  the  first  train  of  cars  passed  over 
the  road.  The  success  of  the  Quincy  road  (the  constniction  of  which 
was  due  entirely  to  the  liberality  and  public  spirit  of  Col.  Thos.  H.  Per- 
kins) and  the  movements  in  the  same  diiection  being  made  at  the  same 
time  in  England,  did  not  fail  to  produce  a  strong  s-eutiment  in  favor  of 
the  introduction  of  railways  into  Massachusetts  ;  and  in  the  latter  part  of 
1826  a  petition  was  presented  to  the  Legislature  by  Col.  Perkins  and 
others,  asking  that  a  survey  be  made  for  a  railway  from  Boston  to  the 
Hudson  River.  The  two  branched  of  the  Legislature  not  being  able  to 
agree,  a  select  committee  of  the  House,  consisting  of  Dr.  Abner  Phelps 
and  Geo.  W.  Adams,  of  Boston,  and  Emery  Washbui'u,  of  Worcester, 
was  appointed  to  "  consider  the  practicability  and  expediency  of  con- 
structing such  a  railroad."  This,  it  is  stated,  was  the  first  concen- 
trated action  looking  to  the  construction  of  a  commercial  railroad 
through  the  State.  In  January,  1827,  the  committee,  after  presenting 
numerous  facts,  expressed  themselves  as  satisfied  "  not  only  of  the  prac- 
ticability, but  of  the  expediency  of  building  a  railroad  from  Boston  to 
the  Hudson  River,"  and  reported  a  resolve  to  appoint  three  commission- 
ers and  an  engineer  to  make  surveys,  plans  and  estimates  for  such  a 
work.  The  Legislature  paid  but  little  attention  to  the  report,  but  appointed 
a  Board  of  Internal  Improvement  of  three  members,  who  were  to  emi^loy 
an  engineer  to  examine  routes  for  railroads  and  canals  generally.  This 
commission,  for  various  reasons,  accomplished  very  little.  In  January, 
1827,  the  Legislature  was  again  applied  to  by  Josiah  Quincj^  and  others, 
and  a  resolve  was  passed  providing  for  two  commissioners  and  an  engineer 
to  ijrocure  plans  and  estimates  for  the  best  railroad  route  from  Boston 
to  the  Hudson  river,  and  $10,000  was  appropriated  for  the  work.  The 
Board  submitted  its  report  in  January,  1828,  the  effect  of  which  was  to 
substitute  railways  for  canals,  and  to  fix  the  policy  of  the  State  in  favor 
of  the  i-ailway  system.  In  the  following  March  a  new  Board  of  Internal 
Improvement,  consisting  of  Levi  Lincoln,  Nathan  Hale,  Stephen  White 
and  others,  was  appointed  to  report  upon  the  practicability  and  expediency 
of  a  railroad  ti-om  Boston  to  the  Hudson  River,  and  from  Boston  to 
Providence.  The  sm-veys  from  Boston  to  the  Hudson  were  made  by 
James  F,  Baldwin,  and  from  Boston  to  Providence  by  James 
Hayward.  The  report  of  tlie  Board,  which  was  jirepared  by  Mr. 
Hale,  with  the  reports  in  detail  of  the  engineers,  accompanied  Dy  plans 
and  profiles  of  the  several  routes  surveyed,  were  submitted  to  the  Legis- 
lature upon  Jan.  16,  1829.  This  document,  several  copies  of  which  are 
preserved  in  the  libraries  of  this  city,  was  in  every  way  an  e  xceedingiy 
able  presentation  of  the  claims  of  the  i^ailway,  and  shows  so  clear  a  com- 
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prehension  of  many  of  the  principles  involved  that  it  may  be  proper  to 
refer  to  it  at  some  length. 

"  Before  proceeding  to  a  consideration  of  the  advantages  of  the  pro- 
posed railroads,"  says  the  report,  "it  seems  important  to  fix  some  definite 
idea  of  the  kind  of  structure  which  is  believed  to  be  best  adapted  to  the 
purposes  in  view.  The  nature  and  objects  of  the  undertaking  demand 
that  the  work  should  be  built  of  the  most  substantial  and  durable  ma- 
terials, and  on  a  plan  to  accomplish  the  objects  proposed  in  the  most 
perfect  and  satisfactory  manner,  so  far  as  this  can  be  done  without 
exceeding  such  reasonable  limits  of  expenditure  as  shall  be  prescribed  by 
the  probable  amount  of  income  to  be  derived  from  it." 

The  report  continues  by  stating  that,  "  while  the  most  approved  rail- 
ways in  England  are  made  of  solid  bars  of  wi'ought-iron  weighing  35 
pounds  per  yard,  fastened  each  three  feet  to  cast-iron  chains  attached  to 
a  foundation  stone,  the  high  price  of  iron  in  this  country,  and  the 
great  abundance  and  cheajsness  of  fine  granite  on  the  line  of  the  pro- 
posed roads  suggests  a  different  method,  viz.:  A  continuous  stone  wall 
under  each  rail,  laid  deep  enough  to  be  below  the  action  of  frost,  cov- 
ered by  a  rail  of  split  granite  a  foot  wide  and  a  foot  deep,  hammered  on 
top  and  on  the  upper  edge  of  the  inner  face,  with  a  bar  of  iron  for  the 
wheel  to  run  on,  fastened  to  the  stone  at  each  foot  by  bolts  or  rivets,  these 
rails  to  be  placed  at  a  distance  of  five  feet,  and  the  space  between  them 
to  be  filled  within  six  inches  of  the  upper  surface  with  earth  and  gravel 
to  form  a  path  for  the  horses.  The  resistance  to  motion  on  such  a  road 
will  be  11  pounds  per  ton  of  2340  pounds  upon  a  level,  and  about  one 
pound  per  ton  for  each  2^  feet  of  rise  per  mile,  or  11  pounds  for  each 
26  feet  of  inclination.  To  comirate  the  power  which  is  required  to  move 
a  given  load  on  a  railway  of  a  given  inclination,  one  pound  per  ton  for 
each  2^  feet  of  rise  per  mile  must  be  added  for  the  ascending  motion,  and 
deducted  for  the  descending  motion.  At  an  inclination  of  26  feet  per 
mile,  the  power  of  gravity  is  equal  to  the  resistance  fi'om  friction,  and 
consequently  to  produce  motion  in  an  ascending  direction  requires 
double  the  power  necessary  for  overcoming  friction  alone,  and  in  the 
descending  direction  the  resistance  is  overcome  by  the  gravity,  so  that  a 
very  slight  exertion  is  needed  to  produce  motion.  At  any  degree  of  in- 
clination not  exceeding  26  feet  in  a  mile,  the  exertion  required  to  move  the 
load  in  ascending  is  just  as  much  greater  than  it  would  be  if  the  road 
were  level  as  it  is  less  in  descending  ;  so  that  the  labor  of  a  horse  travel- 
ing on  a  road  which  is  undulating,  bvit  wliich  never  exceeds  an  inclina- 
tion of  26  feet  per  mile,  is  as  much  diminished  in  traveling  in  one 
direction  as  it  is  increased  in  the  other,  and  the  average  exertion  required 
is  the  same  as  if  the  road  were  level  ;  but  if  the  degree  of  inclination  is 
more  than  26  feet  per  mile  the  increased  labor  of  ascending  meets  with 
no  equivalent  compensation  in  the  diminution  of  labor  in  descending  :  so 
that  the  average  exertion  required  is  increased  in  proportion  to  the 
increased  inclination  beyond  that  limit. 

The  power  of  a  horse  is  reckoned  at  125  lbs.  at  an  easy  jmce,  going  20 
miles  a  day,  an  exertion  equivalent  to  drawing  a  gross  load  of  11  or  12 
tons  on  a  level  railway,  and  as  a  horse  can  exert  a  greater  force  than  that 
for  a  short  time,  it  is  assumed  that  if  the  road  is  nearly  level  for  the  most 
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j>art,  with  inclinations  in  either  direction  not  much  over  26  feet  per  mile, 
the  average  load  for  one  horse  may  be  taken  at  10  tons.  If  the  inclina- 
tion for  the  most  part  exceeds  26  feet  per  mile,  and  ranges  from  that  to 
80  feet,  the  average  load  for  a  single  horse  should  not  exceed  5  tons  ;  so 
that  two  horses  should  be  allowed  on  the  steep  parts  of  the  road  for  the 
loads  which  are  suited  to  one  on  a  level.  While  a  level  route  is  the  best, 
it  is  not  absolutely  required.  The  railroad  should,  however,  be  brought 
as  near  to  a  level  by  the  choice  of  the  route,  and  by  excavation  and 
embankment,  as  is  practicable  at  a  reasonable  cost,  and  without  material 
deviation  from  a  direct  course.  The  degree  of  expense  which 
may  be  advantageously  incurred  in  reducing  the  inclination  of 
the  road  naust  depend  upon  the  nature  and  amount  of  the  transportation 
to  be  expected  upon  it.  It  is  only  the  shorter  undulations  that  can  be 
avoided  by  excavation  and  embankment.  Where  there  are  high  ridges  to 
be  passed  we  must  seek  the  route  that  gives  the  best  surface,  and  where 
an  elevation  of  the  line  cannot  be  avoided,  we  must  apply  a  sufficient 
power  for  surmounting  it.  There  are  two  modes  of  applying  the  addi- 
tional power  made  necessary  by  the  uneven  surface  of  the  country  and 
consequent  steep  inclinations  of  the  road.  One  is  by  selecting  the  route 
which  affords  the  most  gradual  ascent  to  the  summit  to  be  passed,  though 
it  may  not  be  in  the  most  direct  course,  distributing  the  elevation  as  uni- 
formly as  possible,  and  after  reducing  every  part  of  the  road  as  nearly  to 
a  level  as  practicable  within  the  proper  limits  of  expenditure,  by  applying 
an  additioral  traveling  power  for  drawing  the  loads  on  all  such  parts  of 
the  road  as  need  it;  and  the  other  by  stationary  power  acting  on  LncUned 
planes.  The  most  simple  mode  of  construction  is  to  follow  the  route 
which  requires  no  power  but  that  of  horses  traveling  on  the  road. 

To  determine  the  best  route  from  Boston  to  the  Hudson  River  survey& 
were  made  by  Mr.  James  F.  Baldwin.  The  first  hue  started  from 
Charles  street,  crossed  Charles  river  to  Cambridgeport  and  recrossed  tO' 
Brighton,  and  passing  through  Brighton  and  Newton  crossed  Charles 
Kiver  again  near  the  Lower  Falls.  From  this  point  the  line  crossed  the 
Worcester  turnpike  in  Needham,  and  continued  on  the  south  side  of  that 
road  at  a  short  distance  from  it  to  Worcester,  and  thence  through  Leices- 
ter and  Spencer  to  the  Chicoioee  River  in  Brookfield,  which  stream  was 
followed  to  Springfield.  Crossing  the  Connecticut,  it  ran  on  the  north 
side  of  Westfield  River  to  Westfield  and  thence  along  the  southern  branch 
to  the  source  of  the  western  branch  in  Washington,  and  crossing  the 
height  of  land  between  the  Connecticut  and  the  Housatonic,  descended 
by  a  branch  of  the  last  named  river  to  Pittsfield,  and  passed  through  Rich- 
mond, Canaan,  Chatham,  Schodack  and  Greenbushto  the  Hudson  at  Al- 
bany. Another  line,  more  to  the  northward,  passed  through  Cambridge- 
port,  Watertown,  Waltham,  Weston,  Sudbury,  Marlboro',  Berlin,  West 
Boylston,  Holden,  Princeton,  Rutland,  Barre,  Hardwick,  Braintree, 
Ware,  Palmer,  Belchertown  and  Granby,  to  Rock  Ferry  on  the  Connec- 
ticut River  in  South  Hadley.  An  examination  was  made  for  a  con- 
tinuation of  this  line,  westward,  from  Northampton  across  the  summit 
to  the  Hoosac  River,  through  Williamsburg,  Conway,  Ashfield,  Plain- 
field  and  Savoy,  and  thence  to  South  Adams.  The  Savoy  summit,  how- 
ever, was  found  to  be  450  feet  higher  tlian  the  Washington  summit.    The 
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difficulty  of  descending  the  western  side  of  the  Hoosac  ridge  was  con- 
sidered a  sufficient  objection  to  all  routes  north  of  Northampton.  A 
route  was  examined  from  Northampton  through  Southampton, 
Westhampton  and  Norwich  to  Norwich  Bridge  on  the  West- 
field  River,  in  hopes  of  finding  favorable  ground  to  unite  the 
northern  with  the  southern  route  at  Chester ;  but  the  descent  from, 
the  high  gi'ound  in  Norwich  to  the  river  was  too  great,  being  563  feet  in 
235  chains.  The  next  line  surveyed  was  from  Dalton  by  the  Hoosac  River 
through  Cheshire,  Adams,  Williamstown  and  Pownal,  and  thence  to 
Troy.  A  line  was  also  run  from  West  Stockbridge  through  Lee  and 
Lenox  to  Dalton.  tliere  connecting  with  the  original  line  passing  round 
the  soutli  end  of  Stockbridge  Mountain,  and  running  up  the  Housatonic 
Valley.  A  route  was  also  examined  from  the  Housatonic  River  in  Lee  to 
Becket.  Several  modifications  of  the  line  between  Boston  and  Springfield 
were  also  tried;  but  the  line  finally  selected  for  estimates  was  that  run- 
ning through  Worcester,  Palmer,  Springfield,  Hinsdale,  Dalton,  Pittsfield, 
Richmond,  West  Stockbridge,  Canaan,  Chatham  and  Schodack,  to  the 
Hudson,  being  almost  exactly  the  route  of  the  present  Boston  and  Albany 
Raih'oad.  The  length  of  the  whole  line  was  198  miles,  and  the  estimated 
cost  13,254,876  or  $16,434  per  mile,  an  amount  of  course  far  too  small, 
even  regarding  the  value  of  wages  at  that  time. 

The  road  was  to  have  two  tracks  and  to  be  23  feet  wide  at  the  surface, 
with  side  slopes  of  one  and  a  half  to  one,  except  in  rock,  where  it  was  to 
be  20  feet  wide,  w^ith  sides  nearly  perpendicular.  The  track  was  to  be 
made  of  flat  bars  of  iron  fixed  to  longitudinal  stone  sills  set  firmly  on  con- 
tinuous stone  walls,  placed  five  feet  apart,  the  space  between  the  walls 
to  be  filled  with  broken  stone  and  gravel,  to  make  a  hard  road  for  the 
horses.  Crossings  from  one  track  to  the  other  were  to  be  put  in  at  the 
rate  of  eight  in  a  mile. 

The  cost  of  transportation  is  reckoned  in  the  following  manner:  Two 
horses  being  able  to  haul  20  tons  on  alevel,  and  also  on  grades  not  exceed- 
ing 26  feet  per  mile,  with  additional  horses  for  steeper  inclines,  and  going 
at  three  miles  per  hour,  would  make  the  trip  from  Boston  to  Albany  in 
four  days,  the  distance  being  divided  into  ten  stages  of  20  miles  each. 
We  have  then : 

20  horses  at  50  cts.  a  day  each $10.00 

8  horse.'!  extra  for  steep  grades 4.00 

1  man,  4  days,  at  $1  a  day 400 

6  wagons  at  75  cts.  each  a  day 3.00 

$21.C0 
To  the  above  there  is  added  for  profit  to  the  carrier,  and  the  hazard  of 
going  sometimes  partly  loaded,  50  per  cent,  making  the  total  cost  for  16 
net  tons  $31.50  or  $1.97  per  net  ton.  "This  estimate,"  says  the  report, 
' '  is  intended  to  show  the  cost,  exclusive  of  tolls,  at  which  heavy  articles 
paying  the  lowest  rates  can  be  carried,  and  of  which  it  may  be  presumed 
there  will  be  enough  to  employ  the  regular  carriers.  The  rate  of  tolls 
would  be  subject  to  the  discretion  of  the  managers,  to  be  so  regulated  as 
best  to  benefit  the  public  and  at  the  same  time  to  secure  the  highest 
income.  To  do  this  the  tolls  should  be  fixed  so  low  as  to  secure  to  the 
road  the  preference  over  all  other  means  of  conveyance.  It  is  also  well 
to  charge  less  per  ton  for  bulky  and  cheap  articles  than  for  those  which 
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are  more  costly.  On  articles  carried  through  from  Boston  to  Albany  or 
the  reverse  it  would  be  only  requisite,  to  secure  the  wliole  traflfic  for  the 
railroad,  that  the  freight  should  be  as  low  as  the  rate  together  with  insur- 
ance by  water,  as  the  greater  expedition  and  certainty  of  conveyance  by 
railway  would  give  the  preference  to  that  mode.  The  common  rate  of 
freight  by  sloop  navigation  is  from  $3  to  $4  a  ton,  but  is  sometimes  as 
low  as  $2.50.  The  usual  rate  of  insurance  is  J  per  cent.  If  we  add  to  the 
estimate  above  of  the  cost  of  transportation  $1  a  ton  for  tolls,  we  have 
$2.97  a  ton  from  Boston  to  Albany.  More  costly  articles  paying  a  higher 
insurance  by  sea  would  bear  a  higher  rate  of  toll  by  railway.  All  articles 
carried  to  or  from  intermediate  places  could  bear  a  much  higher  rate  of 
toll  than  those  which  are  carried  from  one  extreme  to  the  other  because 
the  accommodation  to  those  places  is  greater." 

With  regard  to  the  transportation  of  passengers,  the  report  says,  ''A 
horse  may  go  12  or  13  miles  a  day,  at  the  rate  of  9  miles  an  hour,  with  a 
tractive  force  of  28  lbs.,  or  2i  tons,  or  a  carriage  of  20  passengers  and 
baggage  on  a  railroad.     The  cost  would  thus  be 

22  horses  at  50  cts.  each  per  day $11.00 

2  men  and  1    carriage 3  00 

$14.00 
Add  to  this,  as  in  the  case  of  freight.  50  per  cent,  and  we  have  the  cost  of 
carrying  20  passengers  $21.00  or  $1.05  per  passenger,  to  which  we  add  for 
toll  $2.00.  and  we  have  the  total  $3.05  for  going  from  Boston  to  Albany 
in  22  hours"  The  report  concludes  that  as  coal  is  very  dear  in  the 
United  States  while  oats  are  cheap,  horse  power  will  be  much  cheaper 
than  steam,  unless  it  is  important  to  move  large  loads  of  50  or  100  tons 
at  a  rapid  speed. 

In  estimating  the  amount  of  traffic  to  be  expected,  it  is  stated  that  the 
annual  tonnage  between  Boston  and  Albany  (in  1828)  was  28,902,  and 
that  between  the  several  counties  along  the  line  it  is  102,848,  while  from 
Vermont  and  Connecticut  comes  10.000  more.  With  regard  to  passen- 
gers, there  were  in  1828  six  lines  of  stages,  on  all  of  which  18  coaches, 
■besides  extras,  generally  well  loaded,  running  through  from  Boston  to 
Albany  and  back,  carrying  an  average  of  50  passengers  a  day,  both  pas- 
sages included.  Of  this  number  it  was  reckoned  that  45  per  day  would 
travel  on  the  railroad,  while  30  more  might  be  added  for  way  passen 
gers,  making  75  in  all.  At  a  rate  of  half  a  cent  per  ton  per  mile  for 
through  freight,  and  two  cents  for  local  freight,  and  one  cent  per  mile 
for  passengers,  the  annual  income  thus  becomes  $190,787.  As  the 
amount  of  traffic  would  certainly  be  increased  by  the  improved  mode  of 
transport  and  by  the  decreased  rates,  it  is  considered  in  the  report  safe 
to  augment  the  amount  above  to  $203,000.  This  was  reckoned  enough  to 
pay  the  interest  on  the  cost  and  the  maintenance;  and  the  prospect  of 
an  increase  of  population,  wealth  and  business,  was  regarded  as  a  suffi- 
cient reserved  fund  for  paying  off  the  principal  of  the  debt. 

The  surveys  for  the  Providence  road  were  made  by  James  Hayward,  and 
embraced  several  routes.  The  most  westerly  started  from  the  corner  of 
Charles  and  Boylston  streets,  and  ran  through  Roxbury,  Dedham,  Wal- 
pole,  Wrentham  and  Pawtucket,  to  the  end  of  the  Blackstone  Canal. 
The  eastern  route  started  near  South  Boston  Bridge,  and  ran  through 
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Dorchester,  Milton,  Canton,  Sharon,  Attleboro',  by  Sekonk  Cove  to  India- 
Bridge.  Between  these  routes  various  other  surveys  were  made,  which, 
with  numerous  cross  lines,  admitted  of  a  great  number  of  combinations 
and  furnished  a  very  complete  knowledge  of  the  ground.  The  line 
selected  as  the  best  began  at  Front  street  (Harrison  avenue)  in  Boston,, 
and  crossing  Washington  street,  near  South  Boston  Bridge,  ran  on  the 
west  side  of  the  Neck  to  Wait's  Mill,  in  Roxbury  ;  or  the  same  point  was. 
reached  from  the  corner  of  Charles  and  Boylston  streets,  near  the  Com- 
mon. From  Wait's  mill  the  line  ran  through  Roxbury,  the  west  part  of 
Dorchester,  the  east  part  of  Dedham,  the  middle  of  Walpole  and  Fox- 
borough,  a  corner  of  Mansfield  and  Attleboro',  and  crossing  Pawtucket 
River,  near  Central  Falls,  ran  through  the  east  part  of  Providence  to» 
India  Point.  The  distance  from  Front  street  to  India  Point  was  42  miles 
and  65  chains,  the  whole  ascent  381  feet,  the  descent  378  feet,  and  the- 
steepest  grade  30  feet  per  mile.  The  estimated  cost  was  $321,826  for  a 
single  track,  and  ^.629, 134  for  a  double  line.  The  number  of  tons  of 
freight  moved  between  Boston  and  Providence  in  1827  was  27,190,  and 
the  number  of  passengers,  carried  by  the  "  Citizens'  "  and  "  Commercial 
Line"  of  stages,  24,100.  To  provide  for  the  interest  on  the  cost  of  the 
road,  and  also  for  maintenance,  an  annual  income  of  $24,000  was  reck- 
oned necessary,  half  of  which  would  be  raised  by  a  toll  of  .50  cents  on 
each  passenger,  without  supposing  any  increase  in  the  member. 

In  reply  to  the  question,  by  whom  should  the  roads  be  built,  the  Board, 
considered  that  works  of  such  magnitude,  and  on  which  the  public 
accommodation  so  essentially  depended,  should  be  made  under  State  con- 
trol. They  feared  that  a  grant  sufficiently  broad  to  attract  the  necessary 
amount  of  private  capital  might  prevent  the  interests  of  the  public  from 
being  secured.  They,  therefore,  recommended  that  these  works  should, 
be  undertaken  on  behalf  of  the  State,  money  being  raised  by  the  sale  of 
4^  per  cent,  stocks  running  not  less  than  15  or  20  years. 

While  this  report,  which  was  laid  before  the  Legislature  in  the  win- 
ter of  1829,  produced  no  very  marked  efl'ect  on  that  body,  it  threw  a~ 
good  deal  of  light  upon  the  new  mode  of  transport,  and  awakened 
equally  public  spirit  and  private  enterprise.  By  the  persistent  and 
well-directed  action  of  one  of  the  ablest  and  most  indefatigable  friends 
of  the  raiWay,  Nathan  Hale,  the  public  was,  slowly  but  surely,  made  to 
see  the  vast  importance  of  this  invention.  The  success  of  the  Rocket 
upon  the  Liverpool  and  Manchester  Railway  at  just  this  time,  gave  the 
final  illustration  to  his  arguments,  and  the  following  year  saw  the  char- 
ters given  for  the  railroads  from  Boston  to  Lowell,  to  Providence  and  to 
Worcester.  The  early  history  of  these  roads  is  full  of  interesting  detail,., 
both  from  a  commercial  and  an  engineering  point  of  view.  Whenever 
that  history  shall  be  written,  there  will  be  brought  before  us  a  group  of 
remarkable  men — men  whose  names  at  this  time  are  uot  verv  widely 
known,  but  who  are,  nevertheless,  to  be  enrolled  among  our  greatest 
public  benefactors  ;  men  who  were  far-sighted,  public-spirited  and  of  ex- 
haustless  energy  and  resource  ;  men  who,  with  infinite  faith  in  the  future, 
felt  their  way  along  from  small  beginnings  to  a  great  end,  and  laid  the 
foundations  of  that  system  of  internal  improvements  by  means  of  which. 
Massachusetts  has  become  a  great  and  i^rosperous  commonwealth. 
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BOSTON    SOCIETY    OF    CIVIL    ENGINEERS. 


October  15,  1884:— A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers  was 
held  and  called  to  order  at  8  p.  m. 

Vice-President  L.  Frederick  Rice  in  the  chair;  twenty-six  members  and  two  visitors 
present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Tne  amendments  to  the  Constitution  relating  to  dues  proposed  and  adopted  at  the  last 
meeting  were  again  adopted. 

The  Committee  on  the  Introduction  of  the  Metric  System  presented  a  report. 

On  motion  it  was  voted:  That  the  report  of  the  Committee  be  accepted  and  printed  in 

the  JODRNAL  OF  THE  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Mr.  A.  H.  Rowland  read  a  paper  entitled  "  The  Metric  System  and  Our  Society."  On 
motion  of  Mr.  G.  R.  Hardy  it  was  voted:  That  Mr.  Howland  be  requested  to  present  his 
paper  to  the  Society  ;  that  it  be  printed  with  the  transactions  of  the  Society,  and  that  he 
be  granted  the  privilege  of  correction  and  I'evision. 

On  motion  of  Mr.  Fitz  Gerald  itwas  voted:  That  the  Secretary  be  authorized  to  cast  one 
vote  for  Messrs.  George  H.  Crafts  and  Marshall  M.  Tidd,  candidates  for  membership  in 
the  Society.  As  the  result  of  this  ballot  the  above-named  candidates  were  declared 
elected  members. 

Messrs.  Earle  H.  Gowing,  Lawson  B.  Bidwell,  and  Henry  A.  Phillips  were  proposed  for 
membership. 

On  motion  of  Mr.  F.  P.  Stearns  it  was  voted  :  That  the  Treasurer  be  authorized  to  pay 
four  dollars  of  the  membership  fee  due  from  George  H .  Crafts,  who  was  formerly  a 
member  of  the  Society  and  had  withdrawn  in  good  standing. 

On  motion  of  Mr.  Manley  it  was  voted  :  That  the  Secretary  be  authorized  to  issue  a 
revised  Constitution  and  By-Laws  and  list  of  Members. 

Mr.  G.  R.  Hardy  read  a  paper  on  "Improved  Railway  Signal  Apparatus  as  Adopted  by 
the  Boston  &  Albany  Railroad." 

On  motion  it  was  voted  :  That  a  vote  of  thanks  be  extended  to  the  General  Superin- 
tendent of  the  Boston  &  Albany  Railroad  for  the  courtesies  extended  to  the  members  of 
the  Boston  Society  of  Civil  Engineers  who  attended  the  excursion  to  Riverside,  October 
15, 1884. 

That  a  vote  of  thanks  be  extended  to  Mr.  Charles  R.  Johnson,  Signal  Engineer  of  the 
Union  Switch  and  Signal  Company,  for  the  kindness  and  attention  shown  the  members 
of  this  Society  at  the  Riverside  Signal  Station  October  15,  1884. 

[Adjourned.]  H.  L.  Eaton,  Secretary. 


EXCURSION     OF     THE     SOCIETY     TO     THE      RIVERSIDE    SIGNAL    STATION,    BOSTON     *     ALBANT 
RAILROAD,    OCTOBER    15,    1884. 

On  the  afternoon  of  October  15,  1884,  about  thirty  members  of  the  Society  visited 
the  Riverside  Signal  Tower  on  the  line  of  the  Boston  &  Albany  Railroad.  By  the 
courtesy  of  the  General  Superintendent  of  the  road  a  special  car  was  provided  on  the 
4:35  p.  M.  train.  Arriving  at  Riverside  the  party  was  taken  to  the  Signal  Tower  and 
shown  the  apparatus  designed  and  applied  by  the  Union  Switch  &  Signal  Company  to 
faciUtate  the  movement  and  control  of  switches  and  signals.  At  the  station  the  four 
main  tracks  are  reduced  to  two,  and  the  Newton  Lower  Falls  Branch  makes  a  junction 
with  the  main  track.  The  members  of  the  party  were  greatly  indebted  to  Mr.  G.  R- 
Hardy,  Assistant  Chief  Engineer  of  the  Boston  &  Albany  Railroad,  for  his  careful  ex- 
planation of  the  apparatus  and  for  the  arrangement  of  the  details  of  the  excursion. 
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The  party  was  also  indebted    to    Mr.   Cbarles  R.   Johnson,   Signal  Engineer,   Union 
Switch  &  Signal  Company.  H.  L.  Eaton,  Secretary. 


November  19,  1884:— A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers  was 
held  and  called  to  order  at  7:45  p.m. 

President  George  L.  Vose  in  the  chair,  eighteen  members  and  two  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

On  motion  of  the  Secretary  it  was  voted  :  That  an  appropriation  of  thirty  dollars  be 
made  for  renewing  the  Society's  subscription  to  the  usual  periodicals  for  the  year  1885. 

On  motion  of  Mr.  H.  Manley  it  was  voted  :  That  the  question  of  furnishing  the 
proceedings  of  the  Society  to  the  State  Library  be  referred  to  the  Government  with  full 
powers. 

Mr.  James  W.  Sewall  was  proposed  for  membership,  recommended  by  Messrs.  G.  L. 
Vose  and  A.  E.  Burton. 

Messrs.  Lawson  B.  Bidwell,  Henry  A.  Phillips  and  Earle  H.  Gowing  were  elected  mem- 
bers of  the  Society. 

Mr.  W.  H.  Bradley  addressed  the  Society  on  the  "  Drainage  of  the  Everglades." 

Mr.  J.  F.  Flagg,  M.  A.  S.  C.  E.,  was  introduced  by  the  President  and  described  a  canti- 
lever bridge  of  seventy  feet  span,  built  by  a  Mexican  laborer  from  his  own  designs  and 
•  entirely  of  native  woods  and  vines. 

President  6.  L.  Vose  read  a  paper  on  the  "  Early  History  of  Transportation  in  Massa- 
chusetts." H.  L.  Eaton,  Secretary. 

[Adjourned.l 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


November  19,  1884:— The  Club  met  in  the  parlors  of  the  Mercantile  Club-House, 
President  Woodward  in  the  chair  and  twenty-one  members  present.  The  minutes  of 
last  meeting  were  read  and  approved. 

The  Committee  on  Revision  of  Constitution  reported  an  entire  new  Constitution  to  be 
adopted  in  place  of  the  old  one,  which  was  framed  for  ttie  Club  when  it  consisted  of  but 
a  few  members,  sixteen  years  ago.  The  report  was  accepted  and  the  Committee  dis- 
•  charged. 

Moved,  That  the  draft  of  the  Constitution  offered  be  adopted  as  the  Constitution  of  the 
•club,  to  the  exclusion  of  the  old  one. 

This  resolution  lies  over  till  next  meeting. 

Mr.  McMath  offered  an  amendment  to  the  new  Constitution,  making  the  annual  meet- 
ing come  on  the  first  Wednesday  after  the  first  day  of  January  of  each  year,  instead  of 
■the  first  Wednesday  in  December. 

Moved  that  the  draft  of  the  new  Constitution  as  submitted  by  the  Committee  be  printed 
rand  sent  to  all  members  before  the  next  meeting.  Mr.  Engler  was  made  a  committee  of 
one  to  attend  to  this. 

Moved  that  at  next  meeting  the  vote  be  taken  on  the  Constitution  article  by  article 
seriatim. 

Moved  that  the  Club  meet  again  on  Wednesday  evening,  November  26,  to  consider  the 
new  Constitution. 

Mr.  White  made  an  informal  report  from  the  Committee  on  Smoke  Prevention.  The 
report  was  accepted  and  the  Committee  discharged. 

The  following  gentlemen  were  unanimously  elected  to  membership  : 

E.  D.  Libby,  J.  E.  Savage,  Gerald  Bagnall,  W.  S.  Mitchell,  C.  C.  Brown,  and  H.  S. 
Pritchett. 

The  following  names  were  proposed  for  membership  : 

J.  L.  Stubblefield,  C.  P.  Mitchell,  J.  L.  Duffy,  and  C.  D.  Lamb,  by  C.  V.  Mesereau  and 
•J.  B.  Johnson;  Thos.  J.  Caldwell  by  Thos.  D.  Miller  and  Geo.  Burnett,  Jr.;  T.  T.  John- 
ston by  H.  W.  Baker  and  C.  V.  Mesereau,  and  Chas.  Varrellmann  by  Thos.  H.  Macklind 
and  Wni.  Wise. 

Moved  that  a  committee  of  three  be  appointed  to  take  under  advisement  the  arrange- 
ments for  the  annual  meeting  and  report  at  next  meeting.    Messrs.  Macklind,  Mersereau 
..and  Pond  were  appointed. 
.  A  general  discussion  followed  on  the  paper  read  at  the  previous  meeting  on  the  "Creep* 
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■ingot"  Rails  on  the  St.  Louis  Bridge,"  but  no  new  evidence  was  given  or  theories 
advanced. 

Mr.  Johnson  presented  a  paper  on  the  "  Strength  of  Solid  Metallic  Rollers  to  Resist 
■Crushing,"  which  was  read  by  title  and  ordered  printed  in  the  Journal. 

[Adjjurned.]  J.  B.  Johnson,  Secretary. 


November  26,  1884  :— The  Club  met  at  the  rooms  of  the  Mercantile  Club,  President 
Woodward  in  the  chair  and  twenty-one  members  present.  The  minutes  were  read  and 
approved. 

The  Committee  on  Arrangements  for  the  annual  meeting  reported  in  favor  of  a  ban- 
quet, offering  two  bdls  of  fare,  one  at  $2.50  and  the  other  at  $4.00  a  plate.  They  said 
an  excursion  to  New  Orleans  had  been  talked  of,  and  perhaps  could  be  arranged.  The 
report  was  accepted  and  the  Committee  discharged.  On  motion  the  report  was  then  laid 
on  the  table. 

The  following  gentlemen  were  unanimously  elected  :  J.  L.  Stubblefield,  C.  P.  Mitchell, 
J.  L.  Duffy,  C.  D.  Lamb,  Thos.  J.  Caldwell,  T.  T.  Johnston,  and  Chas.  Varrellmann. 

W.  L.  Breckinridge  was  nominated  for  membership  by  Thos.  D.  Bliller,  E.  A.  Engler 
and  C.  M.  Woodward. 

The  adoption  of  the  new  Constitution  was  taken  up  in  Committee  of  the  Whole  and 
adopted  article  by  article. 

Moved,  That  the  officers  of  the  Club  be  instructed  to  take  such  steps  as  may  be  neces- 
sary to  secure  the  legal  recognition  of  the  new  Constitution. 

Moved,  That  Mr.  Engler  be  appointed  a  Committee  of  one  to  see  to  the  printing  of  the 
Constitution  and  a  list  of  the  Members  with  their  addresses. 

Moved,  That  a  committee  of  five  be  appointed  to  nominate  officers  for  the  next 
year. 

The  following  were  appointed  by  the  Club  :  F.  H.  Pond,  T.  J.  Whitman,  Geo.  Burnett, 
E.  A.  Engler,  and  J.  B.  Johnson. 

The  following  resolution  was  offered  by  Robt  Moore,  and  unanimously  adopted: 
To  the  Honorable  Speaker  and  House  of  Representatives  : 

Your  petitioners,  the  Engineers'  Club  of  St.  Louis.  Mo.,  respectfully  represent  to 
your  Honorable  Body  that  the  present  duty  of  twenty-five  per  cent,  upon  scientific 
books  imjjorted  into  this  country  is  a  serious  obstacle  in  the  way  of  their  professional 
studies,  which  they  earnestly  ask  you  to  remove.  They  ask  this  with  the  greater  confi- 
dence from  the  fact  that  the  sale  for  such  books  is  so  limited  that,  iviih  very  rare  excep- 
.■tions,  they  are  not  and  cannot  be  profitably  republished  in  this  country,  so  that  the. 
.duty  in  question  promotes  no  private  interest,  but  is  simply  a  tax  upon  the  means  of 
knowledge  by  which  a  small  amount  of  money  is  sollected  for  which  the  Government 
has  now  no  need. 

[Adjourned.]  J.  B.  Johnson,  Secretary. 


ANNUAL  MEETING. 


December  3,  1884:— The  Club  met  at  the  Mercantile  Club  House,  President  Woodward 
in  the  chair  and  thirty-two  members  present. 
The  minutes  of  the  last  meeting  were  read  and  approved. 
The  report  of  the  Treasm-er  was  read  and  accepted. 
The  following  report  of  the  Secretary  was  read  and  accepted  :— 

Gentlemen :  Your  Secretary  would  respectfully  submit  the  following  report  of  the 
growth  and  work  of  the  Club  for  the  past  year.  There  have  been  seventeen  meetings  of 
the  Club,  at  thirteen  of  which  regularly  announced  papers  were  read.  The  average 
Attendance  at  these  meetings  has  been  twenty -three  members.  Eighteen  papers  have 
'been  presented,  all  but  one  of  which  have  been  or  are  to  be  published  in  the  Associated 
Journal. 

The  following  members  have  contributed  papers  :  Mr.  H.  C  Moore,  Mr.  Gayler,  Mr. 
Sobolewski,  Mr.  Woodward,  Mr.  McMath,  Mr.  Robert  Moore,  Mr.  O.  Chanute  (not  a 
member),  Mr.  Humphreys,  Mr.  Miller,  Mr.  J.  W.  Hill,  Mr.  Adams,  Mr.  Johnson,  Mr. 
'Constable  and  Mr.  Nipher. 

There  have  been  forty-nine  new  members  received  into  the  Club,  and  six  names 
idropped  from  the  rolls.    The  total  membership  is  now  one  hundred  and  six. 
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The  meetiDgs  have  been  held  at  four  localities  during  the  year,  as  follows  :  Four  afc 
the  office  of  the  City  Water  Commissioner,  six  at  the  Mercantile  Library,  two  at  Wash- 
ington University,  and  five  at  the  Mercantile  Club  Rooms.  The  Mercantile  Library 
facilities  were  obtained  in  consideration  of  the  Club's  taking  forty  membership  tickets 
at  live  dollars  each  per  annum  (being  the  regular  price  of  such  tickets),  the  Library  to 
furnish  the  room  in  which  to  hold  meetings  without  any  charge  whatever.  These  forty 
tickets  were  all  placed  with  the  Club  members  at  the  rate  of  four  dollars  each,  the  othei 
dollar  being  the  amount  by  which  the  annual  dues  for  resident  members  were  expected 
to  exceed  the  cost  of  the  Journal. 

The  offer  of  the  rooms  in  the  Mercantile  Club  House  for  holding  our  meetings  came 
unsolicited.  This  generous  offer  was  gratefully  accepted  and  we  are  informed  the 
engagement  is  to  hold  good  until  further  notice.  It  would  not  be  advisable,  however, 
to  break  the  connection  with  the  Mercantile  Library,  for  the  more  intimate  our  relations 
there,  the  more  influence  we  can  have  in  the  matter  of  selection  and  purchase  of  Engi- 
neering Literature.  Besides,  when  their  new  building  is  erected,  they  promise  to  pro- 
vide permanent  quarters  for  the  St.  Louis  Engineers'  Club. 

The  Club  has  been  the  recipient  of  various  publications  and  donations.  It  regularly' 
receives  the  proceedings  of  the  American  Society  of  Civil  Engineers,  and  those  of  the 
Philadelphia  and  Pittsburgh  clubs.  The  most  notable  donations  in  the  past  year  have 
been  the  complete  proceedings  of  the  American  Society  of  Civil  Engineers,  which  have 
been  bound  in  twelve  volumes,  and  the  report  of  the  New  Boston  Water  Supply  from 
Sudbury  River. 

A  new  constitution  has  been  adopted,  more  in  accordance  with  the  present  need  of  the 
Club  than  that  which  has  served  for  the  past  sixteen  years. 

The  Club  is  now  in  excellent  working  condition  and  there  seems  no  reason  why  it 
should  not  so  continue.  The  success  of  the  past  year  is  due  to  a  generally  awakened 
interest  in  the  matter,  which  can  be  largely  tiaced  to  the  work  of  the  Committee  on 
Programme,  who  provided  for  so  valuable  a  series  of  papers  for  the  meetings.  It  is  per" 
haps  not  too  much  to  say  that  no  local  engineers'  organization  in  this  country  has  done 
better  work  in  the  past  year  than  our  little  Club. 

The  Association  to  which  we  belong  is  in  a  flourishing  condition.  One  additional 
society  has  joined  it  in  the  past  year,  and  two  are  contemplating  so  doing.  It  would 
seem  that  this  Association  looks  toward  a  general  unification  of  engineering  interests  in 
the  United  States  at  least,  wherein  the  local  interests  shall  not  be  sacrificed.  It  is  very 
desirable  that  all  reputable  engineers  whose  intei-ests  centre  in  St.  Louis,  and  as  many 
others  as  may  be  drawn  to  us,  should  unite  with  this  Club  in  its  efforts  at  self-improve- 
ment, mutual  instruction,  and  the  general  unification  and  elevation  of  the  profession.  I 
believe  we  might  as  well  number  two  hundred  members  as  one  hundred.  It  is  to  this 
larger  work  that  we  should  now  devote  our  energies. 

As  to  the  character  of  our  meetings,  many  members  have  expressed  a  desire  that 
thfey  might  be  somewhat  more  informal  and  sociable.  I  believe  this  end  could  be 
attained  by  leaving  a  portion  of  each  meeting  to  the  presentation  of  various  matters  of 
ioterest  which  may  arise  in  the  several  special  fields  of  ^practice  in  which  members  are 
engaged,  thus  furnishing  an  opportunity  for  some  informal  discussion,  queries,  sugges" 
tions,  etc.  There  is  no  practical  engineer  who  does  not  meet  with  many  such  items  in 
the  course  of  a  year  which  could  profitably  be  presented  to  the  Club.  If  time  for  this 
cannot  be  found  in  any  other  way,  it  may  be  found  advisable  to  limit  the  time  for  the 
reading  of  the  papers,  and  if  the  article  is  long,  let  only  portions  or  an  abstract  be  given, 
inasmuch  as  the  article  will  come  to  each  member  in  printed  form,  when  he  can  peruse  it 
at  pleasure.  At  least  some  scheme  should  be  adopted  by  which  members  who  attend 
regularly  may  obtain  at  least  a  speaking  acquaintance  with  each  other  in  the  course  of  a. 
year.  Respectfully  submitted,  J.  B.  Johnson. 

The  name  of  Mr.  Claude  Freeman  was  dropped  from  the  rolls  in  accordance  with  the 
recommendation  of  the  Treasurer.  The  Secretary  was  instructed  to  correspond  with. 
Mr.  O.  A.  Haines  and  find  his  wishes  in  regard  to  retaining  his  membership. 

Prof.  W.  B.  Potter  reported  for  the  Committee  on  Library.  Many  engineering  books 
and  periodicals  had  been  purchased  by  the  Mercantile  Library,  on  their  suggestion,  and 
they  were  expecting  to  prepare  a  special  catalogue  of  engineering  books.  The  report 
was  accepted. 

The  Committee  on  Programme  for  the  next  six  months  reported  through  their  Chair- 
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anan.  Prof.  C.  M.  Woodward.  The  report  was  accepted  and  the  Committee  discharged, 
the  duty  of  executing  the  scheme  devolving  upon  the  incoming  Executive  Committee. 
The  report  is  as  follows: 

St.  Louis,  December  3,  1884. 

Mr.  President :  Your  Committee  on  Programme  for  ihe  coming  season  beg  leave  to 
■submit  the  following  report  : 

Yom',  Committee  are  aware  that  they  have  an  important  duty  to  perform.  The 
arrangement  of  a  programme  includes  the  fixing  of  the  dates  on  which  the  Club  shall 
regularly  meet  during  the  next  six  months  ;  the  acceptance  and  often  the  assignment 
■of  subjects  ;  and  above  all  the  securing  of  the  active  co-operation  of  those  members  of 
the  Club  able  to  present  valuable  papers. 

They  are  happy  to  state  that  they  have  found  no  lack  of  excellent  material,  and  that, 
as  will  be  seen  below,  several  papers  will  be  held  in  reserve. 

The  programme  we  submit  is  as  follows  : 

December  17,  "  Earlier  Floods  in  the  Mississippi,"  by  J.  A.  Ockerson,  U.  S.  Assistant 
Engineer. 

Januai-y  7,  "  Economy  in  Ga^  Engines,"  by  J.  Sobolewski,  Inspector  St.  Louis  Gas  Co. ; 
and  "  Protection  against  Fire  and  Means  of  Extinguishing  the  Same,"  by  C.  T.  Aubin, 
Engr.  to  Board  of  Underwriters. 

January  21,  "The  Use  of  Compressed  Air."  by  C.  Shaler  Smith,  Engr.  Illinois  &  St. 
■Louis  Bridge  Co.  ;  and  "'An  Improved  Crane,"  by  Frederick  Shickle, of  Shickle,  Har- 
rison &  Co. 

February  4,  "Eliminations  of  Errors  in  Field  Work,"  by  Wm.  Bouton,  City  Surveyor; 
and  '■  Mill  Creek  Sewer,"  by  Wm.  Wise,  Chief  Asst.  Engr.  Sewer  Dept. 

February  18,  "  Street  Pavements,"  by  Thomas  H.  Macklind,  Chief  Asst.  Engr.  Street 
Dept,  and  "  Improvement  in  Switches,"  by  Hubert  Taussig,  Engr.  in  charge  S.  L. 
Depot  Yds. 

March  4,  '"  Experiments  in  Hydraulics."  by  Henry  Flad,  Pres.  Board  of  Public  Works, 
-and  "Treatment  of  Wood  for  Street  Pavements,"  byT.  D.  Miller,  City  Gas  Inspector, 
.^ndT.  J.  Caldwell,  Special  Expert  on  Wood  Preserving. 

March  18,  "  Pile  Driving  and  Related  Work,"  by  C.  V.  Mersereau,  U.  S.  Asst.  Engi- 
neer, and  "  The  Use  of  Diagrams  of  Crank  Effort  in  Designing,"  by  W^.  H.  Alderdice, 
Asst.  Engineer  U.  S  Navy. 

April  1,  "Amsler  lotegrators,"  by  M.  L.  Holman,  Chief  Asst.  Engr  Water  Dept.,  and 
"  Construction  in  wood  and  Iron,"  by  K.  Tully,  Architect  and  U.  S.  Asst.  Engr. 

April  15,  "Steamboat  Shafts,"  by  H.  W.  Baker,  U.  S.  Asst.  Engineer,  and  "The  Effi- 
ciency of  a  Pair  of  Holtz  Machines,  one  Acting  as  Generator,  the  other  as  Motor,"  by  F. 
£.  Nipher,  Prof,  of  Physics,  Washington  University. 

April  29,  "  The  Utilization  of  Fuel  by  the  Generative  System,"  by  Wm.  B.  Potter,  Prof, 
of  Mining  and  Metallurgy,  and  "  Dynamometers,"  by  Chas.  F.  White,  Supt.  of  Shops, 
Manual  Training  School 

May  13,  "  Pumping  Engines  for  Wafer  Works,"  by  Frank  H.  Pond,  of  Pond  Engineer- 
ing Co.,  and  "  The  Theory  of  Car  Starters,"  by  J.  P.  Johnson,  Prof.  Civ.  Eng.,  Wash. 
Univ. 

May  27,  "  The  Theory  of  Ammonia  Refrigerating  Processes,"  and  "  Report  of  the 
Committee  on  Smoke  Prevention,"  by  C.  M.  Woodward,  Dean  of  Polytechnic  School. 
Washington  Univ. 

Several  papers  have  been  half  promised  and  are  held  in  reserve  for  cases  of  unavoid- 
able failure,  and  for  additional  meetings  should  the  Club  see  fit  tocontinne  semi-monthly 
meetings  into  the  summer.  Your  Committee  recommend  that  this  programme,  when 
adopted,  be  printed  as  a  circular  and  distributed  among  the  members  of  the  Club  and 
other  interested  persons. 

It  will  be  noticed  that  all  names  on  the  above  programme  appear  without  titles.* 
They  suggest,  however,  that  on  the  circular  it  may  be  best  to  insert  appropriate  titles. 


Respectfully  submitted, 


C.  M.  Woodward,  \ 
RoBT.  McMLath,     ''Committee. 
J.  A.  Ockerson  ' 


*  The  titles  inserted  by  the  Secretary. 
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The  Committee  on  Nominations  for  Officers  for  the  Club  for  the  ensuing  year reportecP 
as  follows  : 

Gentlemen  :    Your  Committee  appointed  at  the  last  meeting  to  suggest  names  of 
candidates  for  oiflce  for  the  ensuing  year  beg  leave  to  submit  the  following  report : 
They  recommend  for 

President,  -  -  R')Bert  Moore,  1 

Vice-President,       -  -  -      RrsT.  E.  McMath,       j 

Secretary,  -  -  -  Thos.  D.  Miller,         \  Ex.  Committee, 

Director  (1),  -  -  -      C.  M.  Woodward,        i 

Director  (2),       -  -  -  Thos.  J.  Whitman,     j 

Treasurer,  -  -  -     M.  L.  Holman, 

Librarian,  -  -  -  J.  B.  Johnson. 

Frank  H.  Pond,       Thos.  J.  Whitmak, 
E.  A.  Engler,  Geo.  Burnet, 

J.  B.  Johnson,  Committee,- 

The  report  was  accepted  and  the  Committee  was  discharged. 
The  following  additional  nominations  were  made  : 

For  President,  -  C.  BI.  Woodward. 

(  Theo.  Allen, 
For  Directors,      \  Howard  Constable, 
[  Frank  H.  Pond. 
All  the  above  nominations  to  be  sent  to  the  members  and  the  election  to  be  by  letter 
ballol. 

The  following  nominations  for  membership  were  made:  A.  P.  Man,  by  Geo.  Burnett- 
and  M.  L.  Holman:  and  E.  L.  Foote,  by  H.  A.  Wheeler  and  E.  A.  Engler. 

Moved  by  M.  L.  Holman,  that  it  is  the  sentiment  of  the  Club  that  it  is  desirable  to 
limit  the  reading  time  of  any  paiier  to  about  thirt5'  minutes.    CaiTied. 

The  object  of  this  resolution  is  not  to  limit  the  length  of  the  paper,  which  will  bo- 
printed  in  full  in  the  Journal,  but,  if  necessary  to  present  only  an  abstract  of  the  paper, 
or  such  portion  as  can  profitably  be  presented  orally,  and  so  obtain  more  time  for  the 
discussion  and  for  the  introduction  of  other  subjects. 

Robt.  Moore  then  read  a  paper  on  "  Sewerage  and  House  Drainage  in  St.  Louis,"  treat- 
ing the  subject  historically. 

The  thanks  of  the  Club  were  tendered  to  Mr.  Moore  for  his  valuable  paper,  most  of  the 
data  for  which  had  been  obtained  fi'om  unpublished  sources. 

After  the  reading  of  the  pajjer  Mr.  Whitman  gave  an  account  of  the  successfnl  lower- 
ing of  a  thirty -six  inch  water-main  by  about  seven  feet  without  cutting  off  the  supply  or 
diminishing  the  pressure.  The  lowering  was  made  necessary  by  a  change  of  street  grade 
on  Twentieth  street,  from  Benton  Street  to  Maiden  Lane.  The  lowering  was  made  in  suc- 
cessive stages  of  about  a  foot  tit  a  time.  The  last  stage  was  19  inches,  and  the  lowering 
was  accomplished  in  about  an  hour  and  and  a  half.  A  stank  of  about  four  feet  in  length 
■was  left  at  each  bell,  the  rest  of  the  trauch  being  dug  18  inches  deep.  When  all  was 
ready  the  stanks  were  removed  gradually  and  the  pipe  settled  down  uniformly.  The 
lowering  was  necessary  on  account  of  change  of  elevation  of  street  grade.  No  pipes 
were  broken  or  cracked  and  no  leaks  other  than  a  slight  weiting  of  the  joints  occurred. 
The  adjustment  for  length  was  made  by  forcing  the  pipe  into  a  horizontal  reversed 
curve  as  the  pipe  settled,  and  straightening  it  out  again  when  the  pipe  reached  the  de- 
sired grade.  The  total  length  was  about  the  same  in  first  and  last  positions,  the 
former  being  convex  upward  and  the  latter  convex  downward  by  about  the  same 
amount.    After  some  further  discussion  the  Club  adjourned. 

J.  B.  Johnson,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


November  18, 1884:— The  197th  meeting  was  held  at  four  p.  m.,  President  Cregier  in. 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

(Tuesday,  Nov.  4,  no  quorum  was  present,  and  no  meeting  was  held.) 

Applications  for  membership  were  presented  as  follows: 

John  Davis  Arey,  Civil  Engineer,  Kock  Falls.  111.,  indorsed  by  Messrs.  Kirby,  More- 
house and  W^right. 
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Charles  P.  Matlack,  City  Engineer,  San  Antonio,  Texas,  indorsed  by  Messrs.  Franklin, 
Morehouse  and  Cregier. 

Letters  were  lead  by  the  Secretary  from  Messrs.  Bridges,  Draper  and  Dean,  all  in. 
favor  of  remaining  in  the  Association  of  Engineering  Societies. 

It  was  voted  that  the  President  and  Secretary  select  and  purchase  suitable  frames  or 
albums  for  the  reception  of  photograph  likenesses  fui-nished  by  members. 

A  discussion  was  had  on  the  subject  of  Compressed  Air,  the  Cable  System,  and  other 
methods  of  propelling  railway  cars. 

[Adjourned.]  L.  P.  Morehouse,  Secretary. 

Dkcembee  2, 1884: — The  19Sth  meeting  was  held  at  4.  p.  m.    President  Cregier  in  the 
chair. 
The  minutes  of  the  preceding  meeting  were  read  and  approved. 

The  Secretary  reported  a  gift  of  valuable  books  and  pamphlets  from  Mr.  E.  S.'Ches- 
brcugh,  also  the  receipt  of  a  photograph  likeness  from  Mr.  Samuel  McElroy. 
The  President  having  to  leave,  Vice-President  Randolph  took  the  chair. 
In  accordance  with  a  resolution  adopted  October  7  last,  written  nominations  were 
presented  for  officers  to  be  elected  at  the  next  annual  meeting,  and  the  following'per- 
sons  having  received   the  two  highest  number  of  votes  -for  the  I'especlive  offices  were 
declared  the  nominees: 
(The  name  of  the  person  receiving  the  highest  number  of  votes  is  placed  first.) 

For  President. 
Benezette  Williams.  D.  C.  Cregier, 

For  First  Vice-President. 
Octave  Chanute.  Isham  Randolph, 

For  Second  Vice-President. 
S.  McElroy.  1     F.  Slataper. 

1  A.  W.  Wright. 
For  Secretary. 
L.  P.  Morehouse.  A.  W.  Wright. 

For  Treasurer. 

Charles  Fitz  Simons. 

For  Librarian. 
G.  A.  M.  Liljencrantz.  W.  S.  MacHarg. 

For  Trustee. 
A.  W.  Wright.  O.  B.  Green. 

After  the  nominations  were  declared  Mr.  Williams  stated  that  he  desired  to  withdraw 
his  name  as  a  candidate.  The  Secretary  was  instructed  to  note  this  statement  in  the 
minutes  of  the  meeting. 

A  letter  ballot  on  the  proposed  amendments  to  Constitution  and  By-Laws  was 
taken,  and  all  the  amendments  as  proposed  at  the  meeting  October  7,  18S4,  were 
adopted. 

Mr.  Wright  presented  the  following,  which  was  seconded  by  Mr.  Artingstall : 

Whereas,  This  Society  voted  to  withdraw  from  the  Association  of  Engineering  Socie- 
ties, and 

Whereas,  The  views  of  many  who  voted  in  favor  of  withdrawal  have  been  changed 
and  it  is  believed  that  the  majority  of  the  members  of  this  Society  are  now  in  favor  of 
rejoining  the  said  Association,  as  evidenced  by  written  and  verbal  expressions  of  views, 
be  it 

Resolved,  That  the  Secretary  be  authorized  to  make  the  necessary  arrangements  for 
this  Society  to  continue  a  member  of  the  said  Association. 

On  motion  of  Oen.  Fitz  Simons  it  was  voted  that  action  on  the  foregoing  be  postponed 
to  the  next  meeting.  L.  P.  Morehouse,  Secretary. 

[Adjourned.] 

December  16, 1884:— The  199th  meeting  was  held  at  4  p.  m.  Vice-President  Wright 
in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

The  Committee  on  Railroads  and  Transportation  reported  two  papers;  one  for  this 
meeting  by  Mr.  A.  M.  Wright,  and  one  for  the  second  meeting  in  January,  '•  What  Civil- 
ization Owes  to  the  Architect  and  the  Civil  Engineer,"  by  Mr.  G.  R.  Bramhall. 

The  motion  of  Mr.  Wright,  presented  at  the  lasf>  meeting,  to  the  effect  that  the  Society 
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retain  its  connection  with  the  Association  of  Engineering  Societies,  being  called  up,  the 
Secretary  read  a  letter  from  Mr.  W.  Howard  White,  protesting  against  withdrawal, 
and,  after  discussion,  the  motion  of  Mr.  Wright  as  printed  in  the  proceedings  of  the 
last  meeting  was  adopted. 

The  following  resolution  was  also  adopted: 

Resolved,  That  the  Secretary  is  hereby  instructed  to  revise  the  subscription  list  for 
copies  of  the  Journal  and  omit  therefrom  the  names  of  members  whose  dues  are 
delinquent  for  a  period  of  six  months. 

Mr.  Wright  read  the  paper  for  the  evening,  "  The  Origin  of  the  Word  Tramway. " 

It  was  voted  that  the  paper  be  printed  in  the  Journal  and  should  be  made  a  subject  of 
discussion  at  the  next  meeting.  L.  P.  Morehouse,  Secretary. 

[Adjourned] 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


October  14, 1884  :— Regular  meeting  held.  President  Hollo  way  in  the  chair. 

Minutes  of  previous  meeting  read  and  approved. 

In  the  absence  of  the  Secretary  the  Corresponding  Secretary  was  requested  to  act  in 
his  place. 

The  following  resolution  was  offered  by  Mr.  Rawson  and  carried: 

Resolved,  That  the  Treasurer  be  and  he  is  hereby  authorized,  to  pay  to  the  Associa- 
tion of  Engineering  Societies  for  the  purposes  of  joint  publication  an  amount  not  to 
exceed  $3.00  per  member  based  upon  the  present  mailing  list. 

The  following  resolution  was  offered  by  Mr.  Whitelaw  and  carried  : 

Resolved,  That,  as  we  have  all  received  the  sad  intelligence  of  the  death  of  Mr.  J.  D. 
'Crehore,  a  member  of  this  Club,  a  committee  of  three  be  appointed  to  express  in  fitting 
•terms  the  feelings  of  the  Club. 

The  chair  appointed  Messrs.  J.  N.  Scockwell,  J.  Whitelaw,  W.  R.Warner  as  such 
committee. 

Mr.  Ales.  E.  Brown  then  read  a  paper  describing  the  Brown  Automatic  Blast  Fm-- 
nace  Filler,  illustrating  his  description  with  neat  and  .suitable  drawings. 

The  Filler  consists  of  an  inclined  iron  bridge  running  from  the  stock  liouse  floor  to  the 
furnace  top,  on  which  is  hoisti'd  a  skip,  dumping  automatically  at  the  top.  The  whole 
arraugeixient  does  away  with  the  vertical  hrjist  and  ail  labor  at  the  top  of  the  furnace. 
The  numerous  clever  mechanical  details  in  connection  with  the  Filler  were  explained 
by  Mr.  Brown,  especially  the  automatic  steam  valve,  the  correct  position  of  the  material 
in  the  hopper,  and  its  correct  angle  of  incline,  depending  on  the  size  of  the  furnace  and 
kind  of  ore,  as  well  as  an  automatic  register  of  the  height  of  the  stock  every  time  the 
bell  was  lowered. 

An  interesting  discussion  followed,  in  which  it  was  shown  that  though  many  of  the 
details  were  new  and  the  arrangements  were  most  carefully  worked  out  by  Mr.  Brown, 
Hie  general  idea  had  been  used  abroad  for  some  years. 

After  a  vote  of  thanks  to  Mr.  Brown  for  his  interesting  paper  the  meeting  adjourned. 

A.  MoEDECAi,  Sec'y  pro  tem. 


November  3 1, 1884 :— Regular  meeting  held,  President  HoUoway  in  the  chair.  Minutes 
of  last  meeting  read  and  approved. 

The  following  letter  from  Prof.  Eisenmann  was  read  :  "  Permit  me  herewith  to  tender 
my  resignation  as  Chairman  of  the  Committees  on  Programme  and  Architecture.  Since 
my  appointment  my  professional  work  has  prevented  me  from  devoting  the  time  to  the 
work  of  the  committees  which  the  Club  has  the  right  to  expect,  and  which  my  own  sense 
of  duty  demands." 

On  motion  Prof.  Eisenmann's  resignation  was  accepted,  and  it  was  left  to  the  Pro- 
gramme Committee  to  select  a  new  chairman. 

The  Committee  on  Resolutions  of  Respect  to  the  Memory  of  Mr.  Crehore,  appointed  at 
a  previous  meeting,  reported  as  follows  : 

Resolutions  of  Respect  to  the  Memory  of  Johii  D.  Crehore,  Member  of  the   Civil  Engi- 
neers' Club  of  Cleveland. 

Whereas,  The  members  of  the  Civil  Engineers'  Club  of  Cleveland  have  heard  with 
l)rofound  sorrow  and  regret  of  the  death  of  Mr.  John  D.  Crehore  ;  therefore  be  it 

Resolved,  That  in  the  death  of  Mr.  Crehore  the  engineering  science  of  the  country 
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has  sustained  an  irreparable  loss,  inasmuch  as  the  great  work  of  his  life,  which  was  so 
nearly  fiaished,  no  one  lives  to  finish  in  the  masterly  manner  in  which  it  has  been  thus 
far  developed. 

Rpsolvpd,  That  the  Civil  Engineers'  Club  of  Cleveland  earnestly  recommend  the  early 
publication  of  the  work  on  which  he  was  so  long  engaged,  since  it  will  so  greatly  enrich 
the  science  of  which  it  treats,  and  serve  as  a  lasting,  though  unfinished,  memorial  of  his 
talents  and  his  worth. 

Resolved,  That  while  he  held  a  position  among  the  highest  of  our  profession,  he  will  be 
remembered  and  admired  on  account  of  his  great  personal  worth  and  purity  of 
character. 

Resolved,  That  the  sympathy  of  the  Engineers'  Club  be  tendered  to  the  wife  and 
family  of  the  deceased,  as  a  token  of  the  high  regard  and  esteem  which  they  accord  to 
his  cherished  memory. 

John  N.  Stockwell,  \ 

John  Whitblaw.         I  Committee. 

W.  R.  Warner,  ) 


Prof.  Stockwell,  in  presenting  the  resolutions,  delivered  the  following  brief  eulogy  and 
biographical  sketch  of  Mr.  Crehore's  life. 

BIOGRAPHICAL  NOTICE  OF  MR.   JOHN  D.   CREHORE. 

BY  J.  N.  STOCKWELL. 

It  is  no  common  event  we  are  called  upon  to  commemorate.  Death 
comes  with  an  impartial  tread  into  the  hovels  of  the  poor  and  the  man- 
sions of  the  rich,  and  is  a  messenger  too  well  known  to  us  all.  But  it  is 
seldom  that  he  attains  a  mark  that  is  so  conspicuous — so  far  above  the 
average  of  humanity  in  intellectual  development  and  scientific  cultui-e 
In  the  death  of  Mr.  Crehore  the  community  has  lost  an  estimable  citizen 
the  Club  an  efficient  and  active  member,  and  Engineering  Science  one  of 
its  ablest  and  most  prominent  cultivators.  It  is,  therefore,  believed  that 
a  short  biographical  notice  of  his  life  and  labors  may  be  of  interest  to 
those  now  present. 

Mr.  John  D.  Crehore  was  born  Nov.  22,  1826,  at  Walpole,  New  Hamp- 
shire. His  father  died  when  the  son  was  only  four  years  old;  and  the 
fimmcial  circumstances  of  the  family  were  such  that  his  mother  was 
wholly  unable  to  conti-ibute  anything  toward  defraying  the  expenses 
of  his  education;  and  he  was  therefore  obliged  to  depend  wholly  on  his 
own  resources.  In  this  he  was  successful,  and  he  graduated  with  honor 
from  Dartmouth  College  in  1854.  In  the  yearl85G  he  studied  at  the  Law- 
rence Scientific  School  during  the  spring  and  fall,  until  October  9,  when, 
he  accepted  an  invitation  to  teach  Mathematics  and  the  Natural  Sciences 
in  the  Central  High  School  of  this  city.  He  was  connected  with  the 
High  School  during  two  years,  and  at  the  end  of  that  time  he  entered 
the  Law  Office  of  Williamson  and  Riddle,  not  for  the  purpose  of  becom- 
ing an  advocate,  but  because  he  believed  that  a  certain  amount  of  legal 
knowledge  would  be  found  useful  in  almost  every  profession.  After 
spending  nearly  a  year  as  a  law  student  he  resumed  his  studies  at  the 
Lawrence  Scientific  School  in  October,  1859.  In  March,  1860,  he  entered 
as  a  Resident  Graduate,  but  he  was  soon  after  called  away  by  sickness 
at  home. 

In  August,  1860,  he  received  an  invitation  to  teach  in  the  Washington 
University  at  St.  Louis,  and  while  there  he  had  the  pleasure  and  advan- 
tage of  assisting  Professor  Chauvenet  in  some  of  the  calculations  for  his 
great  work  on  Spherical  and  Practical  Astronorqy.      This  experience 
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must  have  been  of  incalculable  advantage  to  him,  since  the  work  is  a 
model  of  elegance  and  precision,  unsurpassed  by  any  similar  production 
in  the  English  language.  He  afterward  assisted  in  readirg  the  proof- 
sheets,  and  also  prepared  the  Index  to  that  work  in  the  summer  of  1863. 

In  December,  1863,  he  married  Miss  Lucy  Williams,  the  third  daughter 
of  Wm.  Williams,  Esq  ,  of  this  city  ;  but  he  retained  his  position  in 
the  Washington  UnivtrsityuntilJune,  1863.  He  then  spent  sometime 
in  seeking  fur  a  position  as  engineer  in  railroad  or  other  machine  shops  ; 
but,  as  nothing  favorable  offered,  he  went  into  partnership  with  Charles 
Bradburn  and  Grant  F.  Williams,  both  now  deceased,  as  wholesale  gro- 
cers, on  Water  street  in  this  city.  He  continued  in  the  wholesale  busi- 
ness for  only  a  few  years,  when  the  partnership  was  dissolved  on  account 
of  the  failing  health  of  Mr.  Williams.  It  had  not,  however,  been  a  financial 
success,  and  he  tlien  started  in  for  himself  in  anofifice  in  the  basement  of 
the  Savings  Bank  Building,  as  a  surveyor  and  civil  engineer.  He  subse- 
quently removed  to  one  of  the  upper  stories  of  the  Cushing  Block  and 
continued  the  business  until  near  the  middle  of  1873,  when  he  went  to 
St.  Louis  atraiu  (that  being  about  the  time  the  great  bridge  across  the 
Mississippi  River  was  being  built)  for  the  purpose  of  getting  better  estab- 
lished in  his  particular  line  of  business,  bridge  building.  He  remained 
in  St.  Louis  till  the  beginning  of  1874,  when  he  returned  to  Cleveland, 
and  has  remained  here  ever  since. 

It  was  about  this  time  that  he  conceived  the  design  of  uniting  in  one 
great  work  the  whole  of  the  science  of  bridge  building,  and  he  at  once 
began  to  collect  and  digest  the  materials  which  have  been  so  fully 
elaborated  and  incorporated  in  his  posthumous  work  entitled  "  Mechan- 
ics of  the  Girder."  Under  this  comprehensive  title  he  has  given  an 
elaborate  discussion  of  the  various  forms  of  trusses  in  common  use  ;  and 
the  theoretical  and  practical  bridge  builder  only  can  fully  comprehend 
just  how  much  such  a  dir^cussion  implies.  Every  arch  and  beam,  and 
brace  and  bolt  must  be  of  a  deiinite  size  and  shape  in  order  to  best  fulfill 
the  condition  of  maximum  strength  and  minimum  weight.  For  in  tliis 
utilitarian  age  it  becomes  a  matter  of  importance  to  so  utilize  the 
materials  that  each  part  shall  possess  just  the  requisite  weight  and 
strength  to  perform  the  functions  due  to  its  position  in  the  structure. 
And  it  is  no  doubt  from  a  want  of  the  projaer  symmetry  of  form  and 
weight,  rather  than  from  a  lack  of  material,  that  a  bridge  breaks  down 
but  doesn't  wear  out.  In  fact  a  perfect  bridge  must  possess  all  the 
properties  of  the  Deacon's  masterpiece,  as  embodied  in  the  "  Wonderful 
One-Hoss  Shay  " 

Now  the  "  Mechanics  of  the  Girder"  very  fully  explains  the  theory  by 
which  the  forces  acting  upon  a  bridge  ax'e  distributed  throughout  the 
structure,  and  illustrates  by  copious  examples  the  process  by  which  the 
size  and  weight  of  any  part  of  a  bridge  of  any  given  form  may  be  accu- 
rately calculated  in  order  that  the  structure  may  sustain  given  weight  by 
the  use  of  the  minimum  amount  of  materials  in  its  construction. 

Our  author  has  very  fully  developed  the  theory  of  twelve  different 
kinds  of  girders,  and  has  prepared  very  elaborate  tables  of  analytical 
formula)  by  means  of  which  the  less  skillful  mathematician  can  make 
the  application  to  any  case  that  may  come  up  for  consideration.     It  was, 
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however,  a  source  of  regret  that  he  was  unable  to  complete  certain 
numerical  tables  illustrative  of  the  different  kinds  of  girders  of  which 
he  has  given  the  theory;  but  this  defect  will,  I  think,  be  supplied  from 
other  sources  before  the  publication  of  the  work.  Mr.  Crehore  has 
devoted  the  greater  part  of  his  time  during  the  past  ten  years  to  the 
preparation  of  this  work ;  and  the  amount  of  calculation  which  it 
entailed  upon  him  was  simply  immense.  Indeed,  it  was  too  great  for 
any  one  who  is  not  possessed  of  extraordinary  powers  of  physical  and 
mental  endurance,  and  exhausted  Nature  gave  premonitory  warnings  in 
the  form  of  severe  headaches  as  long  ago  as  1880.  By  careful  manage- 
ment he  gradually  recovered  from  these  slight  indispositions,  and  was 
^ble  to  continue  his  investigations  about  two  yt^ars  longer.  Then  from 
September,  1882,  till  May,  1883,  he  was  obliged  to  desist  from  all  intel- 
lectual labor,  and  during  the  last  year  of  his  iife  he  had  frequent  inter- 
ruptions of  short  duration  resulting  from  the  same  cause,  although  his 
general  health  seemed  better  than  it  had  been  for  some  years  ijreviously. 
Our  colleague  was  a  very  excellent  mathematician,  although  his  labors 
"were  confined  more  to  the  field  of  practical  than  speculative  science. 
His  solution  of  the  equation  of  the  fourth  degree  is  unsurpassed  in 
elegance  by  that  of  any  of  the  great  masters  of  science  who  have  labored 
in  this  interesting  field  of  inquiry.  It  had  always  been  the  custom  in 
the  solution  of  equations  of  the  third  and  fourth  degrees,  to  make  the 
second  term  disappear  as  a  preliminary  part  of  the  operation  ;  but  Mr. 
Crehore  boldly  attacked  it  without  this  preliminary  simplification  and 
obtained  a  solution  quite  as  simple  and  elegant  as  had  been  obtained  by 
other  methods. 

No  description  of  Mr.  Crehore's  intellectual  character  could  be  regarded 
as  complete  that  omitted  one  predominant  trait  which  prevaded  all  his 
opinions  and  lay  deeply  rooted  in  the  very  foundations  of  his  nature.  I 
mean  that  deep  love  of  truth  and  loathing  of  all  false  assumption,  which 
may  be  said  to  bear  the  same  relation  to  honesty  that  honesty  bears  to 
what  is  called  "  worldly  policy."  There  were  few  things  which  his 
modest  and  tolerant  spirit  could  be  said  to  hate  ;  but  he  did  hate  sham, 
humbug  and  charlatanism  with  all  the  energies  of  his  soul.  He  never 
claimed  honor,  rank,  or  position  for  himself,  although  he  hastened  to 
accord  all  these  to  others  far  less  worthy  than  he  ;  but  he  was  restive  at 
the  sight  of  scientific  rewards  unworthily  bestowed;  and  his  sterling 
patriotism  and  sense  of  justice  were  outraged  when  he  saw  the  holy 
wreaths  of  Fame  bestowed  upon  those  who  were  unworthy  of  such 
honors. 

Our  colleague  had  a  kindly,  gentle  nature,  and  an  affectionate  regard 
for  all  around  him.  He  made  his  own  opportunities  to  help  and  cheer 
others,  instead  of  waiting  for  them.  Was  a  friend  successful,  he  rejoiced 
with  a  cordiality  that  made  him  twice  happy ;  in  sorrow,  he  mourned 
with  him,  and  with  a  sympathy  that  half  lifted  off  the  burden.  As  a 
friend  I  knew  Crehore  well,  and  can  bear  witness  to  the  loyalty  and 
gentleness  of  his  nature.  With  a  gayety  never  bordering  on  excess,  a 
sympathy  never  exhausted,  a  kindly  tact  never  forgotten,  he  was  a  com- 
panion such  as  we  rarely  meet. 

Early  in  September  of  this  year  he  visited  Philadelphia  in  order  to 
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attend  the  meeting  of  the  American  Association  for  the  Advancement  of 
Science,  of  which  he  had  long  been  a  member.    Some  of  us  had  frequent- 
opportunities  of  meeting  him  there;  and  I  am  sure  that  no  one  would 
then  have  expected  that  his  lamp  of  life  was  so  nearly  burned  out. 
"  Oh,  had  it  been  told  you  then 

To  mark  whose  lamp  was  dim, 

From  out  those  ranks  of  active  men 

Would  you  have  singled  him  ?" 
While  in  Philadelphia  he  attended  the  excursion  to  the  coal  regions  of 
Pennsylvania,  and  seemed  to  enjoy  the  trip  with  all  the  vim  of  one  to 
whom  fatigue  was  an  utter  stranger.  Indeed  the  whole  time  there  was- 
a  continued  round  of  enjoyment,  and  he  returned  home  after  a  ten  days' 
absence  feeling  well  repaid  for  the  time  and  expense  by  the  recreation  it 
afforded. 

He  had,  however,  been  home  only  a  few  days  when  his  old-time  trouble 
returned  ;  but,  instead  of  remaining  as  neuralgia  of  the  head,  as  hereto- 
fore, it  took  a  new  departure  and  became  neuralgia  of  the  bowels.  And 
from  the  effects  of  this  painful  disorder  he  rapidly  declined  in  physical 
strength,  although  his  heroic  spirit  gave  no  intimation  that  he  was  aware 
that  Death  would  so  soon  gain  the  victory.  Indeed  his  friends  fully  ex- 
pected his  recovery  until  within  about  two  days  of  his  death  ;  but  he  died 
suddenly  in  the  evening  of  October  7,  and  before  many  of  his  intimate 
friends  were  informed  of  his  sickness.  No  lingering  disease  wasted  his 
manly  powers,  nor  was  his  active  mind  long  fettered  in  the  dungeon  of  aa 
exhausted  body.  His  brain  was  full  of  large  ideas,  his  heart  teeming  with 
kindly  affections,  when  "God's  finger  touched  him  and  he  slept." 


Prof.  W.  B.  Wood  read  a  paper  entitled  "  The  Water  Supply  of  Cleveland  Chemically 
Considered,"  which  was  followed  by  an  extensive  and  interesting  discussion. 

The  members  of  the  Committee  on  Joint  Publication  presented  the  action  of  the  Board 
of  Blanagers  of  the  Association  of  Eagineering  Societies  at  its  late  meeting  in 
New  York,  discountenancing  the  publication  in  other  technical  journals  of  matter  read 
before  the  Club  before  such  matter  had  been  first  published  in  the  journal  of  the  Asso- 
ciation, such  restriction  not  to  apply  to  the  publication  in  whole  or  in  part  in  the  daily 
press,  and  asked  what  action  tliis  Club  would  take  in  the  matter. 

On  motion  of  Mr.  Swasey,  the  matter  was  referred  to  a  committee  to  be  appointed  by 
the  Chair. 

On  motion  of  Mr.  Richardson,  the  question  was  made  to  applj'  only  to  futui-e  papers, 
leaving  the  matter  of  the  publication  of  all  previous  papers  to  the  discretion  of  their 
authors. 

[Adjourned.}  M.  W.  Kingsley,  Recording  Secretary. 
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November  14, 1884  :— The  Club  was  called  to  order  by  the  President,  eleven  members 
being  present. 

The  records  of  the  last  three  meetings  were  read  and  approved. 

Mr.  Cooley,  Manager  for  the  Association  of  Engineerina:  Societies  for  the  Club,  made  a 
report  of  the  doings  of  the  Board  of  Managers  at  their  last  meeting,  which  report  was 
received  and  placed  on  file. 

It  was  voted  to  pay  the  first  assessment  of  one  dollar,  as  made  by  the  Board  of  Mana- 
gers of  the  Association  of  Engineering  Societies. 

Messrs.  Abbott,  Cooley  and  Angst  were  appointed  a  committee  on  procuring  perma- 
nent quarters  for  the  Club. 

An  assessment  of  six  dollars  per  member  was  ordered. 
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Messrs.  Frank  Plummer  and  A.  C.  Libby  were  elected  members  of  the  Club. 

The  following  were  proposed  for  membership:    W.   F.   Carr,  by  Wm.  A.   Pike  and 
Wm.  de  la  Barre;  Edward  Barringrton.  by  W.  W.  Rich  and  Geo.  W.  Cooley;  Wm.  Brook 
*}y  Wm.  de  la  Barre  and  Geo.  W.  Cooley. 

After  an  informal  talk  on  the  construction  of  the  Canadian   Pacific  Railway  by  Mr 
Abbott  and  general  discussion  of  the  same,  the  Club  adjourned. 

Wm.  a.  Pike,  Secretary 


Decembee  12,  1884: — The  Club  met  in  the  new  room,  No.  10  Vanderburgh  Block,  se- 
lected by  the  committee  appointed  at  the  last  meeting,  and  was  called  to  order  by  the 
President,  with  fourteen  members  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Committee  on  Rooms  reported  what  they  had  r'one  and  the  committee  was  dis- 
charged, with  thanks  for  the  prompt  and  satisfactory  performance  of  their  duty,  and 
their  action  was  ratified  by  the  Club. 

Messrs.  W.  F.  Caw,  Edward  Barrington  and  Wm.  Brooks  were  elected  members  of  the 
Club. 

Mr.  John  T.  Baker  was  proposed  for  membership  by  Wm.  De  la  Barre  and  Andrew 
Rinker. 

Voted  to  publish  the  transactions  of  the  Club  in  the  Journal. 

Mr.  Abbott  then  read  the  paper  of  the  evening  on  "The  Rapid  Construction  of  the 
Canadian  Pacific  Railroad,"  which  was  generally  discussed,  many  questions  as  to  details 
of  cost,  etc.,  being  asked. 

Voted  to  publish  Mr.  Abbott's  paper  in  the  .Iournai.  of  the  Associatiqn. 

Arrangements  were  made  by  which  certain  periodicals  taken  by  members  of  the  Club 
.  should  be  placed  in  the  club-room  for  general  use.  Wm.  A.  Pike,  Secretary, 

[Adjourned.] 
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Editors  reprin  ting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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B?  J.  A.  OcKERSON,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  December  17, 1884.1 


The  disastrous  floods  of  late  years  in  the  Ohio  and  Mississippi  Rivers 
have  called  out  a  great  deal  of  discussion  as  to  the  relative  heights  of  the 
floods  when  compared  with  those  occurring  before  the  valleys  were  set- 
tled. These  discussions  have  indeed  been  so  elaborate  that  it  would  seem 
as  though  the  subject  was  nearly  exhausted.  New  facts  have,  however, 
recently  come  to  light  concerning  the  old-time  floods,  which  it  is  thought 
will  justify  this  slight  addition  to  the  literature  of  the  subject. 

In  the  absence  of  any  authentic  records  of  the  earlier  floods,  except, 
perhaps,  Indian  traditions  and  some  general  statements  of  the '"oldest 
inhabitant,"  many  have  come  to  the  conclusion  that  great  floods,  like 
those  of  the  past  few  years,  never  occurred  prior  to  the  cutting  down  of 
the  forests. 

Previous  to  our  own  generation,  flood  notes  are  rare.  There  is  a  great 
gap  in  which  man  has  failed  to  put  on  record  the  coming  and  going  of 
the  mighty  waters.  Nature  has,  however,  kept  numerous  water-gauges 
where  the  heights  of  the  floods  occurring  long  before  our  great  valley  was 
settled,  are  plainly  recorded.  These  records  in  the  lower  Mississippi 
Valley  have  recently  been  read,  and  some  of  the  results  are  given  in  this 
paper.     It  will  readily  be  seen  that  the  record  has  been  faithfully  kept. 

Throughout  the  alluvial  valley  and  on  either  side  of  the  Mississippi  River 
lie  numerous  crescent-shaped  lakes  which  were  once  the  main  channel  of 
the  river,  but  are  now,  in  some  cases,  many  miles  from  it.  The  banks  of 
these  lakes,  like  the  present  banks  of  the  river  and  the  banks  of  all 
alluvial  streams,  were  built  up  by  the  waters  themselves,  which  have 
dropped  the  sediment  particle  by  particle,  till  they  have  reached  a  height 
equal  to  the  plane  of  mean  high  water.  By  determining  the  heights  of 
these  banks,  not  in  one  case,  but  in  scores  of  cases,  and  knowing  by 
observation  the  heights  of  the  present  floods,  we  can  arrive  pretty  closely 
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at  the  heights  of  the  floods  which  occurred  before  the  era  of  fixed  water- 
gauges  began. 

The  data  here  used  is  compiled  from  the  notes  of  the  recent  survey  of 
the  Mississippi  River.  When  the  survey  was  made,  no  such  use  of  the 
notes  was  contemplated,  hence  they  are  not  as  full  in  some  cases  as 
desirable  for  a  rigid  discussion;  but  as  all  of  the  lakes  surveyed  have 
been  considered,  and  as  all  of  the  results  point  to  the  same  conclusions, 
they  may  be  regarded  as  essentially  reliable. 

A  few  of  the  principal  cases  exammed  are  given  in  detail  below. 
These  comparisons  of  old  and  new  river  banks,  together  with  the  ac- 
companying map  showing  their  relative  locations,  will,  it  is  hoped,  give  a 
good  idea  of  the  importance  of  this  testimony.  The  map  was  reduced 
from  the  manuscript  charts  of  United  States  surveys  made  in  1882  and 
1883.  The  figures  represent  the  elevations  of  the  banks  in  feet  above  sea 
level. 

l^  Beaver  Dam  Lake,  lyingeastof  the  Mississippi  River,  near  Austin. 
The  date  of  the  cut-off  is  not  known,  but  judging  from  the  extent  to  which 
it  has  filled  up,  and  the  timber  that  has  grown  up  in  the  former  river 
bed,  it  must  have  occurred  long  before  the  surrounding  country  was 
settled.  It  is  safe  to  call  it  at  least  a  hundred  years  old.  The  old  bank 
at  the  head  of  the  lake,  which  is  some  three  miles  from  the  present  posi- 
tion of  the  river,  is  the  same  elevation  as  the  new  river  banks. 

2°.  Eagle  Lake,  lying  east  of  the  river,  was  formed  by  what  is  known 
as  Terrapin  Neck  cut-off,  which  occvirred  in  1866.  The  head  of  the  lake 
is  about  seven  miles  from  the  present  position  of  the  river,  and  the  bank 
elevations  are  the  same.  The  distance  around  the  old  channel  was  about 
seventeen  miles,  while  the  distance  across  the  neck  was  less  than  one  mile. 

3°.  Yazoo  Lake,  lying  on  the  east  side  of  the  river,  near  Vicksburg. 
The  Yazoo  River  empties  into  it.  The  cut-off  is  said  to  have  been  made 
in  1699.  The  head  of  the  old  lake  is  about  seven  miles  from  the  present 
channel.     The  elevations  of  the  old  and  new  banks  are  the  same. 

4°.  Palmyra  Lake,  lying  on  the  west  side  of  the  river  below  Vicksbuig, 
was  made  by  the  Davis  cut-off  in  1867.  The  head  of  the  lake  is  about 
seven  miles  from  the  present  position  of  the  river,  and  the  bank  elevations 
of  the  two  are  equal.  The  distance  around  the  old  bend  was  nineteen 
miles  ;  while  the  distance  across  the  neck  was  less  than  one  mile. 

5°.  Lake  St.  Joseph,  lying  west  of  the  river,  is  of  very  early  date,  prob- 
ably older  than  Yazoo  Lake.  The  head  of  the  old  bend  is  about  six  miles 
from  the  present  channel.  The  cut-off  shortened  the  river  twenty  miles 
or  more.  It  will  be  seen  by  reference  to  the  map  that  the  upper  arm  of 
this  lake  lies  very  near  Palmyra  Lake,  and  the  elevations  of  the  banks 
are  practically  the  same. 

6°.  Lake  Bruin,  lying  on  the  west  side  of  the  river,  was  cut  off  before 
the  river  was  known  to  navigators.  The  elevations  at  the  head  of  this 
lake  are  somewhat  scatterring  and  uncertain,  but  are  sufficient  to  show 
that  the  banks  are  practically  the  same  height  as  the  present  river  banks. 
The  head  of  the  old  bend  is  now  six  miles  from  the  present  channel,  and 
the  distance  around  it  is  thirteen  miles. 

7°.  Lake  St.  John,  lying  on  the  west  side  of  the  river,  was  cut  off  prior 
to  the  settlement  of  the  surrounding  country.     The  date  is  not  known. 
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The  head  of  the  bend  is  some  three  miles  inland,  and  its  banks  are  the 
isame  elevation  as  those  of  later  formation. 

8°.  Lake  Concordia,  lying  on  the  west  side  of  the  river,  a  short  distance 
above  Natchez,  was  cut  off  long  before  the  beginning  of  the  present 
■century.  Surveys  of  1810  show  it  practically  the  same  as  it  is  now.  The 
date  of  the  cut-off  is  not  kaown.  There  have  been  two  cut-offs  in  this 
same  bend,  and  it  is  threatened  with  another  one  in  the  same  vicinity. 
The  banks  along  the  head  of  the  oldest  bend  are  from  five  to  seven  feet 
higher  than  the  concave  bank  of  the  present  bend.  But  this  is  easily  ac- 
counted for  by  the  rapid  caving  going  on  in  the  latter.  This  caving  has 
averaged  230  feet  per  year  for  seventy  years,  and  the  bank  building  pro- 
cess has  not  been  able  to  keep  pace  with  it. 

The  new-made  land  on  the  point  opposite  this  bend,  however,  is  as 
high  as  the  highest  land  around  the  old  bend. 

The  two  more  recent  cases  cited  above  are  made  use  of  to  show  that 
there  is  no  essential  difference  between  the  elevations  of  the  present 
banks,  the  banks  of  recently  cut-off  lakes  and  the  banks  of  those  lakes 
•which  date  back  perhaps  centuries. 

The  banks  at  the  heads  of  all  of  these  lakes  are  generally  above  overflow 
at  the  stage  which  covers  the  present  banks,  and  some  of  them  are  seldom 
-covered  even  by  the  highest  floods.  The  explanation  of  this  is  simple 
enough.  In  all  alluvial  streams  the  deposit  is  greatest  where  the  water 
first  leaves  the  channel.  It  therefore  follows  that  the  highest  land  lies 
along  the  immediate  banks  of  the  stream,  and  slopes  rapidly  off  as  we  go 
inland.  This  slope  in  the  lower  Mississippi  Valley  ranges  from  one  to  ten 
feet  per  mile;  hence  the  water,  when  it  escapes  from  the  banks,  runs  oft' 
with  considerable  velocity,  and  the  surface  of  the  water,  instead  of  being 
level,  conforms  quite  closely  to  the  surface  of  the  ground.  The  banks  of 
the  St.  Francis  River,  at  a  point  opposite  Fulton,  Tenn.,  are  twenty-three 
feet  lower  than  the  banks  of  the  Mississippi,  and  the  high  water  of 
1882  at  the  former  was  eleven  feet  lower  thnn  at  the  latter.  In  the 
Yazoo  basin,  opposite  Helena,  Ark.,  the  high  water  at  Coldwater  bayou, 
18  miles  from  the  river,  was  eleven  feet  lower  than  at  the  river  bank.  In 
the  lower  part  of  the  Yazoo  basin  and  in  the  Tensas  basin,  the  high 
water  surface  does  not  have  so  great  a  slope.  The  slope  of  the  land  is 
greatest  near  the  banks.  In  extreme  cases  this  amounts  to  a  fall  of 
i}hirteen  feet  in  200  meters  (657  feet).  The  latter  was  determined  by 
actual  measurement. 

It  is  plain  to  see,  then,  that  the  banks  at  the  heads  of  the  old  lakes  are 
above  overflow,  not  because  they  are  higher  than  the  banks  over  which 
the  water  escapes,  but  because  the  water  is  lower  several  miles  from  the 
river,  than  it  is  when  it  first  leaves  the  channel. 

So  far  as  these  investigations  have  gone,  all  the  evidence  tends  to 
prove  that  the  change  in  flood  heights,  if  any,  is  so  small  that  it  requires 
very  long  periods  of  time  for  it  to  become  appreciable.  The  lapse  of  two 
centuries  fails  to  show  it.  But  the  greatest  changes,  as  far  as  the  forests 
are  concerned,  have  occurred  within  the  past  fifty  years,  and  yet  we  find 
no  corresponding  change  in  flood  heights.  There  can  be  no  question  that 
these  silent  monuments  of  past  floods  afford  more  reliable  testimony  than 
ithe  statements  of  a  casual  observer,  handed  down  through  several  gen- 
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erations.  In  the  first  case,  we  have  absolute  facts  to  deal  with,  which* 
any  one  can  examine  and  verify.  In  the  other,  the  statements,  which  at 
first  may  have  been  true  in  a  general  sense,  have  been  added  to,  warped, 
twisted,  and  colored  by  each  one  who  has  had  a  hand  in  transmitting; 
them,  till  they  are  wholly  unreliable. 

It  is  hoped  that  the  study  of  these  old  river  banks  will  be  extended  in 
the  near  future  so  as  to  include  all  of  the  lakes  in  the  alluvial  valley. 
The  results  of  such  an  investigation  would  be  full  of  interest,  and  would 
yield  much  valuable  information  concerning  the  past  history  of  the  river 
and  its  floods,  and  would  also  give  a  clue  to  its  probable  action  in  the 
future. 


DISCUSSION  BY  ROBT.  E.  M'MATH. 

Though  not  disinclined  to  accept  the  main  position  reached  in  Mr. 
Ockerson's  paper — that  the  mean  height  of  ^oods  in  the  lower  Mississippi 
has  not  materially  varied  in  consequence  of  deforestation  and  allied  in- 
fluences— I  am  unable  to  accept  a  comparison  of  the  height  of  banks 
along  the  present  and  former  courses  of  the  river  as  affording  conclusive' 
evidence  either  of  change  or  no  change. 

The  claim  that  banks  of  old  lakes  afford  a  record  of  the  mean  height  of 
floods  for  the  time  when  these  lakes  were  parts  of  the  river  bed,  rests 
upon  two  assumptions  :  , 

1.  That  silt-carrying  streams,  which  form  their  own  beds,  build  their 
banks  to  the  mean  height  of  floods  ;  no  higher,  as  well  as  no  lower. 

3.  That  the  relative  position  of  the  old  lakes  in  the  river  bed,  of  which 
they  once  formed  a  part,  can  be  identified,  and  so  a  comparison  made 
with  the  corresponding  parts  of  the  i^resent  river. 

The  fu-st  of  these  assumptions  is  a  transferred  generalization  based  on. 
a  study  of  tidal  rivers.  On  these  it  has  been  ascertained  that  the  height 
of  bank  formed  by  deposit  is  closely  that  of  mean  high  tide. 

The  inference  that  the  banks  of  a  silt-carrying  river  must,  therefore, 
represent  mean  height  of  floods,  is  not  warranted.  Tidal  floods  occur 
twice  daily,  or  about  700  times  a  year ;  floods  in  the  lower  Mississippi 
scarcely  once  a  year,  and  what  is  wanting  in  frequency  is  not  made  up 
by  duration  or  activity,  so  far  as  we  know.  Consequently,  the  adjust- 
ment of  height,  if  a  law  exists,  may  well  be  complete  in  one  case  and  very 
imperfect  in  the  other.  But  there  is  no  law  shown,  only  a  tendency  for 
the  accumulation  on  the  margin  of  tidal  flow  to  reach  the  extreme  height 
to  which  material  can  be  borne;  progress  of  course  being  at  a  rapidly  di- 
minishing rate  as  height  increases.  Given  unlimited  time,  and  the  tidal 
margin  should  reach  the  height  of  spring  tides.  But  in  a  river  which 
has  made,  and  is  making,  cut-offs,  one  is  debarred  from  allowing  the 
time  required  for  any  such  results.  If  the  assumption  is  to  be  admitted 
in  the  case  of  periods  rejiresented  by  the  old  lakes,  it  must  also  be  applied 
to  the  present  bed.  In  that  case  levees  should  be  needed  only  to  guard 
against  extraordinary  floods,  which  is  not  the  case.  Clearly,  if  the  banks 
of  the  Mississippi  do  not  now  represent  mean  flood  height,  one  may  not 
assume  that  they  ever  did. 

The  second  assumption,  of  a  sufficiently  accurate  identification,  to 
warrant  comparison  as  between  corresponding  parts  of  the  river,  is  put 
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in  doubt  by  the  facts  stated  in  the  paper.  The  several  cut-offs  are  said  to 
have  shortened  the  distance  between  points  by  as  much  as  20  miles  in 
some  cases.  At  3  inches  normal  slope  per  mile,  20  miles  would  be  5  feet, 
juaking  the  matter  of  identification  one  of  great  importance  and  diffi- 
culty too,  for  after  the  cut-off  the  corresponding  part  may  be  but  a  mile 
•or  even  less  in  length  in  the  case  of  a  recent  cut-off.  Who,  then,  can 
identify  an  old  one  ? 

Taking  the  case  of  a  recent  cut-off,  after  the  new  channel  has  attained 
full  development  and  the  river  ends  of  the  old  channel  silted  up,  one 
would  expect  a  local  lowering  of  the  river  as  a  first  consequence.  Where- 
fore, comparing  the  height  of  old  hanks  and  the  new  water  plane,  the  old 
bank  would  be  relatively  higher  than  it  was  when  the  river  flowed  along 
it.  If  the  new  bank  be  built  up  to  the  same  elevation  as  the  old,  it  must 
then  be  relatively  the  higher  in  relation  to  the  new  and  lowered  water 
plane  than  the  old  bank  was  to  the  old  plane.  Whence,  on  the  theory  of 
the  paper,  the  conclusion  would  be  unavoidable  that  flood  volume  had 
increased,  but  increase  of  flood  height  was  held  in  check  by  the  cut-off. 

To  take  another  view.  The  shortening  by  a  cut-off  is  local  and,  proba- 
bly, temporary.  In  the  readjustment  of  the  disturbed  slope,  the  greater 
part  is  likely  to  be  distributed  above  the  cut-off,  and,  under  the  increased 
-current  caused  by  increased  slope,  erosion  will  be  active  and  the  re- 
icovery  of  length  will  alsobe  mostly  above  the  cut-off.  Hence,  the  ultimate 
effect  is  to  make  the  head  of  the  cut-off  occupy  a  position  in  the  readjusted 
o-iver,  several  miles  further  down  stream  than  it  originally  was  ;  there- 
fore, if  the  bank  again  attains  the  height  of  the  old  one,  it  would,  on  the 
theory  of  the  paper,  be  indicative  of  increased  flood  height. 

I  present  these  arguments,  not  as  my  belief,  but  as  illustrations  of  how 
;a  conclusion,  contrary  to  that  of  the  paper,  might  be  reached  from  the 
same  data  and  theory,  and  so  to  show  the  insufficiency  of  the  evidence 
presented  by  the  old  lake  banks.  My  objection  to  the  first  assumption,  for 
which  Mr.  Ockerson  is  not  responsible,  that  it  is  no  more  than  an  un- 
proven  hypothesis,  is  fundamental.  The  illustrations  above  allow  it, 
therefore  the  conclusions  share  in  the  doubt.  This  doubt  is  much 
:strengthened  by  the  fact,  that  banks  of  known  recent  formation  are  in 
some  instances  above  overflow,  even  by  great  floods,  and  that  for  con- 
siderable areas.  On  the  other  hand,  the  fact  that  some  banks  are  now 
relatively  lower  than  mean  flood  level  has  been  used,  relying  on  this 
same  assumption,  to  prove  the  "  Degradation  of  the  banks  of  the  Missis- 
:sippi,'"  and  so  an  argument  was  framed  for  levee  construction  by  the 
.general  Government.  From  the  facts  we,  therefore,  see  that  banks  are 
now  both  higher  and  lower  than  mean  flood  level,  and  have  no  warrant 
to  say  that  it  was  otherwise  in  prehistoric  times. 

Whether  clearing  and  cultivating  the  soil  has  increased  the  frequency 
and  violence  of  floods,  and  whether  the  discharge  of  streams  has  on  the 
whole  been  changed,  are  two  distinct  questions,  which  have  been 
^eatly  confused  in  the  discussions  alluded  to  by  Mr.  Ockerson  in  his 
paper.  A  like  confusion  characterizes  what  may  be  called  a  division  of 
the  first  of  the  above  questions.  That  is,  a  distinction  should  be  made 
between  increase  in  volume  and  height  of  the  rare  and,  so  to  speak, 
phenomenal  floods,  as  that  of  1884  in  the  Ohio,  and  increase  in  average 
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flood  height.  The  latter  is  the  point  upon  which  Mr.  Ockerson's  paper 
bears;  the  other  is  not  touched  upon.  In  the  popular  estimation,  the  first 
of  these  is  the  more  prominent ;  as  bearing  upon  river  physics  the  great 
and  rare  floods  are  of  less  consequence  than  tlie  lesser  and  more  fiequent 
floods  which  largely  control  the  mean. 


DISCUSSION   BY  J.    A.    OCKERSON. 

There  are  some  statements  in  Mr.  McMath's  discussion  to  which  I  wishs 
to  call  attention. 

1.  The  claim  that  the  bank  elevations  are  equal  to  mean  flood  height,, 
he  regards  as  an  assumption.  So  far  as  the  conclusions  reached  in  the 
paper  are  concerned,  it  makes  no  difference  whether  this  be  true  or  not. 
That  there  is  some  relation  between  the  height  of  the  banks  and  the 
floods  which  produced  them,  no  one  can  deny.  The  fact  remains,  whether 
we  know  the  laws  which  regulate  the  deposits  or  not.  The  relation  be- 
tween the  height  of  the  present  banks  and  the  floods  which  deposited 
them,  must  be  essentially  the  same  as  that  which  existed  during  the  early 
periods  quoted  in  the  paper.  Therefore,  a  comparison  of  the  bank  eleva- 
tions certainly  affords  a  reliable  means  of  comparing  flood  heights. 

2.  He  states  that  we  cannot  identify  the  relative  position  of  the  old 
lakes  in  the  river  bed  of  which  they  once  formed  a  part. 

Every  one  who  is  familiar  with  the  topography  of  the  lower  river 
knows  full  well  that  the  position  of  the  river  can  be  traced  out  from 
where  it  left  its  old  channel,  around  the  old  bend,  and  down  to  where  the- 
old  and  new  channels  meet  again,  with  almost  as  much  certainty  as  we- 
can  run  out  its  present  banks.  In  this  discussion,  one  thing  should  be 
borne  in  mind.  The  great  changes  in  the  position  of  the  river  bed  ara 
local,  such  as  produced  by  cut-offs,  while  by  far  the  greater  part  of  its 
length  remains  practically  stable.  Hence  it  is  plain  to  see  that  the  ques- 
tion of  relative  location  is  a  simple  one. 

In  a  careful  contour  survey,  covering  an  area  which  includes  the  old 
lakes  and  the  present  river,  the  outlines  of  the  old  river  are  so  plain  that 
there  can  be  no  mistake,  even  where  the  old  bed  has  been  nearly  filled 
up  by  deposit.  Surely  when  such  facts  as  these  are  used  as  evidence,  it 
cannot  justly  be  regarded  as  an  assumption. 

In  attempting  to  show  the  insufficiency  of  the  evidence  presented  by 
old  river  banks,  Mr.  McMath  has  made  use  of  hypotheses  which,  being 
erroneous,  have  led  him  to  wrong  conclusions.  He  assumed  that  after  a 
cut-off  the  greatest  changes,  caused  by  the  liver  readjusting  itself,  occur 
above  the  cut-off  ;  hence  the  old  bend  is  relatively  further  down  stream. 

A  single  case  will,  perhaps,  be  sufficient  to  show  the  fallacy  of  this- 
argument.  Take  the  cut-off  immediately  above  Natchez.  In  this  case 
we  have  a  series  of  surveys  extending  back  some  75  years,  the  oldest  of 
them  being  made  some  time  after  the  cut-off,  but  before  the  readjust- 
ment had  fairly  begun.  We  now  find  by  comparing  the  positions  of  the 
river  as  shown  at  these  intervals,  that  the  new  bend  has  been  steadily 
pushing  out  into  the  old  one,  and  will  more  than  likely  flow  along  the 
old  banks  again,  while  immediately  above  and  below  the  cut-off  the- 
channel  has  remained  practically  in  the  same  position.     There  can  sui'elj^ 
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be  no  doubt  in  this  case,  and  there  are  others  which  afford  evidence 
equally  good. 

The  fact  that  the  banks  are  in  some  cases  higher,  and  in  others  lower 
than  mean  flood  level,  is  not  questioned,  but  these  conditions  are  excep- 
tional and  can  generally  be  traced  to  local  causes  ;  hence  they  have  really 
no  bearing  on  the  question. 

If  the  investigations  concerning  the  old  lake  banks  had  been  confined 
to  a  few  selected  cases,  then  the  objections  urged  as  to  the  adequacy  of 
the  testimony  would  perhaps  have  been  valid. 

But  when  numerous  cases  are  considered,  some  of  which  are  beyond  all 
possibility  of  doubt  as  regards  relative  location  and  other  necessary  facts, 
and  where  but  little  doubt  attaches  to  the  other  cases,  and  where  the  facts 
are  all  treated  in  the  same  manner,  then  it  must  be  admitted  that  as  the 
results  all  point  to  the  same  conclusion,  the  evidence  is  sufficient,  at 
least  so  long  as  there  is  nothing  but  theory  to  controvert  it. 


This  Society  is  not  responsible  as  a  body  for  the  statements 
and  opinions  advanced  in  any  of  its  publications. 

ON  THE  RIVER  AND  HARBOR  BILLS  OF  THE  U.  S.  CONGRESS. 


By  Clemens  Herschel,  Member  op  the  Boston  Society  of  Civil  Engineers. 
[Read  January  14,  1885.] 


I  invite  the  attention  of  the  Society,  this  evening,  to  some  thoughts  of 
mine  on  a  topic  which,  it  seems  to  me,  is  far  from  being  generally  well 
understood.  It  is  one  to  which  but  little  thought  has  been  given  in  this 
country,  especially  not  in  the  50  years  last  past.  Of  which,  indeed,  it 
may  be  said,  that  it  was  much  more  prominent,  in  the  early  days  of  the 
Republic,  in  the  minds  of  the  statesmen  of  the  time  and  of  the  people, 
than  it  is  to-day,  and  that  an  awakening  to  its  national  importance,  in 
our  own  times,  would  be  but  a  return  to  the  ideas  of  the  fathers.  I  allude 
to  the  general  subject  of  internal  improvements  ;  of  works  of  the  civil 
engineer,  for  facilitating  the  movements  of  commerce  among  the  States 
and  with  foreign  nations  ;  a  noble  train  of  ideas,  covered  up  and  buried 
from  sight,  however,  within  a  year  or  two.  by  one  great  cry  of  discon- 
tent, which  did  not  stop  to  reason  calmly  or  to  discriminate.  "  Let  us 
burn  the  barn,"  said  the  multitude,  "and  we  will  kill  the  Cheesequake 
Creek,  or  some  other  mouse  or  rat."  Such,  I  submit,  was  the  public 
excitement  over  the  veto  and  the  failure  of  the  1882  "  River  and  Harbor 
Bill." 

If  we  seek  for  the  reason  why  internal  imi^rovenipnts  occupied  so  much 
more  of  the  attention  of  leading  men  in  1830,  and  previous  thereto,  than 
they  have  done  since,  or  do  even  now,  it  will  be  found,  I  think,  in  the 
introduction  and  construction  of  railroads  by  private  capital.  Here  was 
a  means  of  freight  and  passenger  transportation,  which,  at  a  bound,  sur- 
passed all  that  the  most  ardent  patriot  or  prophet  of  the  benetits  to  be 
gained  by  his  country  by  the  construction  of  canals  or  of  river  improve- 
ments, could  possibly  have  foreseen.  No  wonder,  then,  that  his  occupation 
became  lost  to  him.  Nor  had  he  naturally  any  successors.  That  school 
of  politicians  and  of  statesmen  came  in,  who  believed  in  accomplishing 
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everything  needed,  in  the  way  of  internal  improvements,  by  private  cap- 
ital. Railroads  could  and  were  built  and  operated  by  private  capital, 
and  what  private  capital  would  or  could  or  did  not  accomplish,  was  not 
worth  the  having.  Not  only  was  private  capital  given  free  rein,  to  go 
where  it  pleased,  take  what  it  wanted,  and  build  what  it  chose,  but  it 
was  aided  by  the  credit  and  by  grants  of  the  state — until  we  are  now 
brought  face  to  face  with  a  development  of  private  capital,  such  as 
threatens  the  well-being  of  society,  and  the  ingenuity  of  statesmen  almost 
stands  aghast  at  organizing  any  control  of  the  monopolies  which  have 
been  allowed  to  grow  vip  and  flourish.  The  creature  stands  to-day  fairly 
threatening  its  Creator.  It  has  come  to  be  learnt,  however,  that  no 
method  of  controlling,  for  the  public  good,  the  vast  corporations  called 
into  being  by  the  invention  of  the  railroad  and  of  the  locomotive  (and 
many  such  have  been,  and  are  yet  being  tried)  is  quite  so  effectual  as  the 
silent,  quiet,  healthy  check  put  upon  them  by  the  competition  of  public 
water-ways. 

If  New  England  has  to-day  cheap  bread  and  cheap  meats,  it  is  lai'gely 
because  the  energy  and  statamanship  of  DeWitt  Clinton  constructed  the 
Erie  Canal:  because  the  genius  and  the  indomitable  will  of  James  B. 
Eads  put  30  feet  of  water  at  the  mouth  of  the  Mississippi  River,  where  for- 
merly there  were  but  12  feet;  it  is  largelv  because  the  Dominion  of  Can- 
ada, urged  on  by  the  stern  necessities  of  her  soil  and  of  her  climate,  and 
with  a  larger  public  spirit  shown  by  its  Government  than  is  shown  by 
Congress,  has  converted  the  serried  St.  Lawrence  into  a  noble  pathway 
for  water-borne  commerce.  Navigable  for  the  large  ocean  steamers  200 
miles  inland,  to  Montreal,  that  imperial  city  of  commerce,  whose  wealth 
has  been  founded  on  the  wisdom  and  the  work,  hand  in  hand,  of  her 
citizens  and  of  her  statesmen,  it  is  practically  continued  thence,  by  the 
most  magnificent  system  of  canals  on  this  continent,  from  Montreal  to 
the  Great  Lakes.  So  that  the  miller  of  Minneapolis  is  to-day  grinding 
wheat,  "  on  orders,"  to  be  shipped  by  water  around  the  United  States  ; 
and  our  own  flour  and  bacon  and  beef  is  to-day  cheaper  to  the  European 
laborer,  than  it  is  to  the  consumer  here  in  New  England. 

The  natural  consequence  of  this  and  of  similar  facts  in  commercial 
history  is  a  great  revival  of  interest  in  the  construction  of  canals  and  in 
the  improvement  of  natural  water  channels.  Here,  no  less  than  abroad, 
canals  are  looked,  to  by  governments,  by  statesmen  and  by  far-seeing  citi- 
zens, as  a  needed  accompaniment  of  other  means  of  communication, 
such  as  common  roads  and  railroads;  and  the  development  of  river  and 
of  ocean  or  lake  navigation  is  favored  as  a  most  beneficent  factor  of 
civilization,  and  of  the  advantages  which  civilization  confers  upon  a 
people.  A  few  points  of  diff'erence  between  freighting  on  railroads  and 
on  water  channels  may  at  this  place  be  pointed  out.  The  first  railroads 
were  chartered  to  provide  an  improved  track  for  and  to  charge  a  toll 
upon  the  vehicles  of  the  public,  following  the  customs  of  the  times,  as 
exhibited  on  the  turnpike  roads  or  canals  then  in  vogue.  But  it  was 
speedily  seen  that  such  a  use  of  railroads  was  incompatible  with  the 
safety  or  the  regularity  of  trans^wrt,  and  the  railroad  companies  became 
the  owners  and  operators  of  the  vehicles,  no  less  than  the  proprietors  of 
the  track.     This  is  tlie  fundamental  difference  between   railroad  and  all 
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vother  means  of  transport,  ancient  or  modern.  In  no  other  case  is  it 
aisiial,  or  necessarily  desirable,  that  the  company  owning  the  pathway 
shall  at  the  same  time  be  the  contractor  for  moving  freight  and  passen- 
gers, or  be  the  ''common  carrier."  It  may  very  well  happen,  therefore, 
that  the  same  person  will  argue  against  any  form  of  government  rail- 
road, and  yet  be  a  firm  believer  in  government  canals,  or  an  improve- 
ment of  rivers  by  the  general  Government.  TJiese  latter  are,  in  effect, 
but  another  kind  of  highway,  in  which  boats,  tugs  and  steamboats  take 
fthe  place  of  wagons  and  of  horses,  while  a  water  channel  takes  the 
place  of  a  road  surface.  And  they  should  be  as  free  of  toll,  while 
•open  to  the  public,  say  the  advocates  of  internal  improvements,  as  are 
the  highways  of  to-day.  The  test,  which  has  been  suggested,  that  river 
improvements  should  not  be  undertaken  by  the  general  Government, 
unless  the  tolls  exacted  on  the  improved  river  could  pay  for  the  improve- 
ment, is  as  inapplicable  as  it  woxild  be  to  apply  the  same  test  to  the  con- 
struction of  a  new  county  road.  The  world  has  outgrown  these  petty 
imposts  levied  from  step  to  step  throughout  the  country.  Tolls  on  rivers 
.and  on  inland  canals  are  to-day  as  much  out  of  place,  as  a  rule,  as  they 
are  on  bridges,  on  highways  or  at  the  confines  of  a  city. 

I  need  not  stop  here  to  prove  the  necessity  of  a  control,  in  the  inter- 
ests of  the  people,  of  railroad  corporations.  I  shall  assume  this  much  to 
•be  an  acknowledged  fact.  No  one  will  probably  be  readier  than  I,  to 
•give  to  control  by  Railroad  Commissioners,  or  by  direct  legislation,  the 
■credit  which  properly  belongs  to  those  methods.  But  an  examination 
into  the  workings  of  those  methods  must,  I  submit,  convince  any  one 
that  they  are  tentative,  and  that  they  deal  only  with  the  marked  abuses 
of  traffic  monopoly.  Worst  of  all,  they  fairly  invite  a  meddling  with  the 
legislative  functions,  by  parties  directly  interested  in  such  legislation. 
It  is  true  that  the  "state  of  Camden  and  Amboy  "  has  passed  from  the 
history  of  the  times,  but  only  because  it  has  been  engulfed  in  a  grander 
•empire,  or  because  we  have  become  callous  to  similar  forms  of  servitude. 
Under  another  form,  not  working  with  such  utter  disregard  of  public 
■decency,  but  yet  active,  ever  present,  easily  outwitting  the  public  on 
more  than  single  occasions,  the  old  Camden  and  Amboy  regime,  as  it 
•existed  in  New  Jersey,  may  be  observed  in  full  being  at  the  State  capi- 
tols  of  probably  all  of  the  States  of  this  Union,  not  to  speak  of  the  capitol 
•of  the  nation.  Let  us  cite  but  a  single  instance,  the  neighboring  State 
•of  Connecticut  and  its  relations  to  the  road  which  controls  it.  Take,  as 
an  illustration,  the  debate  upon  and  the  failure  of  the  "short-haul"* 
bill  in  the  winter  of  1883-84,  when  it  passed  the  popular  branch  with 
more  than  three-fourths  voting  for  it,  but  failed  to  pass  in  the  Senate. 

It  is  seldom  that  any  evil  can  be  effectually  met  by  legislation  formu- 
lated in  direct  opposition  to  it.     Some  evils  defy  such  legislative  inter- 

*The  '■  short-haul"  bill  (in  force  in  Massachusetts)  was  intended  to  provide  that :  "  No 
railroad  corporation  shall  charge  or  receive  for  the  transportation  of  freight  to  any 
station  on  its  road  a  greater  sum  than  is  at  the  time  charged  or  received  for  the  trans- 
portation of  a  like  class  and  quantity  of  freight/rom  the  same  original  point  of  depar- 
.ture  to  astation  at  a  greater  distance  on  its  road  in  the  same  direction.''  In  theabsence 
•of  such  law,  railroads  can  and  do  compel  sruall.  non-competing  points  to  pay  excessive 
freight  rates.  With  the  usury  so  gained,  freight  is  carried  below  cost  to  competing 
(points,  and  competing  water  and  other  lines  are  crushed  out  of  existence.  Small 
ttowns  are  kept  down  or  are  killed  off,  while  the  larger,  central  points,  or  some  of  them, 
profit  by  the  struggle ;  it  may  l)e,  however,  that  they  profit  only  so  long  as  a  certain 
•competition  exists  and  until  their  turn  to  suffer  shall  nave  arrived. 
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ference.  Legislation  should  go  deeper,  and  should  strike  at  the  causes 
of  evil.  The  indirect  method  of  procedure  will  generally,  perhaps- 
always,  be  found  the  most  effectual  in  the  attack  on  mundane  politico - 
economical  evils.  Such  a  method,  as  applied  in  line  of  a  control  of  a. 
government  of  the  people  by  the  railroads,  is  found  in  the  development 
of  the  water-ways  of  a  nation.  Need  a  nation  hesitate  in  the  creation  of 
far-reaching  public  works  ? 

"  What  constitutes  a  state?"    Says  the  poet : 

"  Not  high-raised  battlements,  or  labored  mound, 
Thick  wall,  or  moated  gate  ; 
Not  cities  proud,  with  spires  and  turrets  crowned  ; 

Not  bays  and  broad-armed  ports. 
Where,  laughing  at  the  storm,  rich  navies  ride  : 

Not  starred  and  spangled  courts, 
Where  low-browed  baseness  wafts  perfume  to  pride. 

No  !  men— high-minded  men — 
With  powers  as  far  above  dull  brutes  endued 

In  forest,  brake,  or  den. 
As  beasts  excel  cold  rocks  and  brambles  rude." 
Not  to  take  this  literally,  the  poet  means  to  say,  evidently,  that  not 
only  "  bays  and  broad-armed  ports,  cities  proud,  thick  wall,  and  moated 
gate"'  are  requisite  to  constitute  the  state  ;  in  addition  to  these,  there  must 
be  men — high-minded  men.     The  very  enumeration  of  all  these  works  of 
man  by  the  poet  proves,  however,  the  converse  proposition  which  I  ven-^ 
ture  to  put  before  you  :    That  the  existence  and  maintenance  of  a  wisely 
designed  system  of  public  works  is  also  a  necessary  requisite  in  consti- 
tuting a  state.     I  think  that  we  must  all  feel  instinctively  that  with  the^ 
removal  of  public  works  comes  barbarism,  or  at  least  a  primitive  civiliza- 
tion. 
Says  another  poet  : 

"  Bid  the  broad  arch  the  dangerous  flood  contain. 
The  mole,  projected,  break  the  roaring  main  ; 
Back  to  his  bounds  their  subject-sea  command. 
And  roll  obedient  rivers  through  the  land — 
These  honors  I'eace  to  happy  nations  brings  ; 
These  are  imperial  arfs,  and  worthy  kings."' 
This  country  is  but  a  young  nation,  sprung  but  yesterday,  as  it  were,- 
from  a  colony  which  could  not  be  expected  to  excel  in,  or  indeed  to  have, 
any  public   works.       But    no   strong  nation  has  yet  existed,  whether 
empire  or  republic,  which  was  not  distinguished  for  impi-oving  so  much 
of  the  face  of  the  earth  as  was  controlled  by  it,  to  the  gi-eater,  more 
beneficent  uses  of  man.      Here  is  a  field   for  the  employment  of  revenue 
in  which  it  is  nigh  impossible,  unless  we  include  damage  to  the  works 
themselves   from  waves  and   floods,  to  ivaste  the  sums  expended.      The 
result  attained  may,  indeed,  at  times  not  be  worth  the  cost,  but  there 
will  ordinarily  be  some  result,  and  one  of  some  value.      It  may  bring  a 
small  or  no  return  in  the  way  of  direct  income,  and  yet  be  of  prime 
advantage  to  the  body  politic.      No  one  pretends,  nowadays,  that   high- 
ways shall  bring  in  revenue  ;  yet  highways  must  be.     New  York  State  or 
City  will  not  suffer,  though  the  maintenance  of  the  Erie  Canal  be  a  bur- 
den on  the  State. 
Says  Senator  Hoar  : 
"  There  are  few  objects  of  expenditure  which  do  not  perish  with  the 
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using.  There  are  fewer  still  which  survive  the  generation  which  haa 
created  them.  A  few  works  of  art,  a  few  temples  and  public  buildings, 
a  few  dwellings,  kept  for  curiosity  rather  than  occupation,  a  few  great 
libraries,  are  all  of  the  possessions  of  our  day  which  will  survive  a  hun- 
dred years.  The  money  you  have  appropriated  for  the  army,  the  navy,, 
the  post-oflSce,  the  courts,  for  the  cost  of  legislation,  for  the  diplomatic 
service,  for  pensions,  will  leave  no  trace  behind  when  the  year  in  which 
it  has  been  expended  shall  have  passed.  But  the  works  which  this  bill 
authorizes  will  remain,  making  their  annual  and  perpetual  rettirns,  in- 
struments of  commerce,  of  union,  and  of  peace,  so  long  as  the  waves  run 
to  the  sea  and  the  sea  beats  upon  the  shore." 

In  the  construction  of  public  works,  the  money  expended  is  for  the 
greater  part  kept  within  the  country,  is  paid  out  to  its  own  citizens,  or 
should  be.  in  any  well-organized  state.  It  has  only  circulated,  but  has 
nevertheless  left  visible  and  beneficial  results  in  its  wake.  The  visitor  to 
Salzburg,  in  Austria,  will  be  shown  a  tunnel  through  one  of  the  mountains 
which  surround  it,  and  will  be  told  that  centuries  ago  there  was  a  famine 
in  the  land.  The  then  ruler  of  that  little  state,  an  archbishop  of  the  time, 
caused  this  highway  to  be  hewn  through  the  rock,  that  the  people  might 
have  useful  work  to  do;  and  not  only  those  then  living,  but  ten  subsequent 
generations  of  men,  have  profited  by  his  wisdom,  with  niunberless 
generations  yet  to  reap  the  benefit  of  the  work.  Let  me  take  the  society 
into  my  inmost  confidences,  and  submit  to  it  a  passing  thought  I  have  ■ 
had,  though  I  have  had  that  thought  many  times.  I  dare  not  formulate 
it  as  a  principle  in  political  economy,  for  I  confess  I  do  not  understand 
that  science.  In  matters  politico-economical  I  act  mainly  from  instinct. 
But  it  has  seemed  to  me  that  the  circulation  of  money,  in  nations  and 
with  individuals,  was  like  the  circulation  of  water  through  the  water- 
reservoirs  and  their  concomitant  pumps  and  windmills,  which  one  sees 
in  Holland.  The  surface  of  that  country  is  so  flat,  that  dirt,  as  we  shall 
presently  see,  instead  of  being  the  synonym  for  cheapness,  as  with  us,  is 
in  Holland  a  very  dear  article.  If  dug  in  any  appreciable  quantity,  the 
result  is  a  pool  of  stagnant  water.  This  being  againf=t  the  public 
health,  the  creator  of  such  a  pool  is  obliged  forever  to  maintain  a 
pump  and  some  motive  power,  usually  a  windmill,  whose  function  it 
is  to  pump  water  out  of  the  pool  at  one  end,  that  it  may  be  allowed  to 
run  back  again  at  the  other,  thus  keeping  up  the  circulation  and  pre- 
venting stagnation.  What  more  does  a  wise  expenditure  of  money  ever 
do,  to  the  tokens  of  visible  wealth,  than  is  done  by  this  pump  to  water? 
Once  in  a  while,  and  for  a  brief  span  of  life,  or  may  be  for  several  gener- 
ations, some  one  elevates  some  of  the  life-giving  fluid  into  a  little  private 
reservoir  of  his  own,  instead  of  letting  it  run  back  again  into  the  pool, 
holding  the  accumulated  wealth  of  the  body  politic  ;  but  its  tendency  is 
always  back  to  the  common  receptacle,  and  eventually  it  all  gets  there* 
Meantime  the  labor  of  the  people  goes  on,  but  all  it  seems  to  do  is  to- 
pump  up  money  at  one  end  and  to  let  it  run  in  again  at  the  other.  The  ob- 
ject to  be  aimed  at  seems  to  be  to  cause  the  precious  liquid  to  do  a  max- 
imum amount  of  work  on  its  everlasting  circuit.  Is  it  not  well  with  the 
nation  if,  while  thus  circulating,  it  renders  the  face  of  the  earth  more 
habitable  to  man  ?    So  long  as  the  work  actually  accomplished  has  beenx 
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a  useful  one,  and  one  worth  the  expenditure  of  the  forces  involved  in  its 
construction,  to  somebody  or  to  some  people,  is  it  not  well  worth  while, 
to  the  nation  as  a  whole,  that  it  has  been  accomplished  ? 

To  be  sure,  it  may  have  diminished  the  amounts  stored  up  in  certain 
private  reservoirs  above  named,  but  what  of  that,  in  the  broader  view  'i 
The  money  spent  has  not  been  lost,  any  more  than  that  is  lost  which  has 
been  spent  for  a  hat,  a  coat,  or  a  barrel  of  flour.  It  has  changed  hands  ; 
it  has  circulated.  It  is  tlien  meet  and  proper  tliat  a  nation  build  public 
works,  certainly  when  built  with  its  own  funds,  and  in  a  business-like 
manner. 

The  objection  most  commonly  brought  against  public  works  in  our  own 
republic  is,  that  our  form  of  government  is  not  fitted  for  their  proper 
construction,  and  argument  upon  this  point  is  capable  of  great  expan- 
sion. Without  going  into  constitutional  questions,  I  submit,  mainly, 
that  this  nation,  or  any  of  its  States,  can  do  anything  they  ought  to  do. 
If  not  immediately,  then  following  a  proper  organization  for  the  service 
contemplated.  It  is.  of  course,  difficult  or  impossible  to  draw  the 
precise  line  where  the  business  of  a  government  should  end  and  that  of 
private  capital  begin.  In  the  post-office,  that  line  seems  at  present  to  be 
drawn  at  a  package  weighing  four  pounds,  and  at  means  of  transmis- 
sion which  carry  the  identical  embodied  form  of  intelligence  submitted 
for  transmission.  Just  why  a  package  weighing  seven  pounds  should  be 
refused  by  the  Government,  does  not  appear,  unless  it  be  by  the  accident 
of  a  large  private  express  business  having  become  established  before  the 
Government  thought  of  carrying  packages.  Until  the  Government  shall 
have  a  "parcel  post,"  as  in  England  and  all  over  the  Continent  of 
Europe,  we  submit  to  having  the  United  States  partitioned  up  among  a 
half-dozen  express  companies,  as  was  Poland  by  the  three  emperors, 
and  submit  to  paying  extortionate  charges  on  all  expressing  not  from 
one  of  the  centres  of  trade  to  another  or  to  a  town  within  the  district  of 
the  express  company  primarily  intrusted  with  the  package  sent. 
This  is  a  fair  illustration  of  the  difference  between  Government  service 
\and  the  service  done  by  private  enterprise.  The  United  States  mail 
carries  a  letter  for  two  cents  from  anywhere  to  anywhere  else.  Express 
companies  charge  more  for  a  package  from  one  small  town  to  another, 
within  50  miles,  than  they  do  for  hundreds  of  miles  of  carriage,  where 
competition  controls  the  charges.  The  tendency  of  all  private  transpor- 
tation is  to  make  the  big  cities  bigger,  and  to  crush  out  all  the  little 
ones.  Whereas  government  service  treats  all  alike.  Similar  fault  can 
be  and  has  been  found  with  the  Jay  Gould  monopoly  of  the  Western 
Union  Telegraph,  and  some  day  the  transmission  of  intelligence,  in 
whatever  form  demanded,  may  be  transferred  to  the  Post-0  ffice  Depart- 
ment, as  is  already  the  transmission  of  intelligence  by  letter.* 

*  Since  this  was  written,  the  newspapers  have  contained  the  following  :  "  New  York, 
Nov.  5,  1884.— Early  this  morning  ihe  wires  of  the  rival  telegraph  companies  to  the 
Western  Union  were  cut  through  all  the  northern  part  of  the  State,  so  that  the  only 
means  of  communication  is  over  Jay  Gou'd's  wires.  From  dispatches  thus  received  the 
Republicans  are  claiming  the  State  by  5,000.  Word  has  been  sent  to  the  30  Republican 
counties  to  hold  baclr  the  returns.  There  is  no  question  but  that  the  Fifth  avenue  mana- 
gers have  determined  to  count  this  State  for  Hlaine,  if  it  is  within  their  power.  Gould's 
active  wort:  in  this  direction  is  not  denied."  Not  to  argue  too  much,  from  an  item  of 
this  £,ort,  parts  or  al!  of  which  may  not  be  true,  it  is  safe  to  cite  it  as  proving  that  it  is 
decidedly  detrimental  to  the  public  interests,  to  have  a  public  service,  like  that  of  the 
telegraph,  in  the  hands  of  a  monopoly,  whose  leading  spirit  is  at  the  same  time  the 
largest  speculator  in  stocks  and  bonds  that  there  is  in  the  country. 
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Water-works  for  cities,  it  is  acknowledged,  should  be  owned  and 
administered  by  the  people  and  not  by  private  capital,  though  occasion- 
ally the  people  are  caught  napping  and  only  liberate  themselves  froni 
water  monopoly  after  years  of  agitation.  But  we  have  agreed,  I  believe,, 
that  where  private  capital  has  assumed  proportions  and  powers  so  over- 
shadowing the  public  weal  as  do  those  of  our  large  railroad  corporations, 
it  is  the  duty  of  the  Government  to  hold  it  in  check.  It  is  an  acknowl- 
edged fact  that  the  development  of  water-ways  will  constitute  such  a 
check  upon  these  powers.  Unless  some  better  means  can  be  devised  it 
becomes  the  duty  of  the  Government  to  apply  it,  and  if  the  Government 
is  not  so  constituted  that  it  can  properly  do  this  work,  the  people  must 
see  to  it  that  the  Government  be  adequately  amended  or  reconstructed. 
Such  a  process  need  alarm  no  one.  It  has  been  going  on  all  around  us 
for  more  than  two  hundred  years.  Compare  the  original  form  of  town 
government,  when  the  few  original  settlers  could  meet  and  vote,  as  was 
done,*  that  "  Cornelius  the  Irishman  have  leave  to  take  up  land,  but 
provided  he  have  no  voice  in  the  town  affairs,"  with  the  latest  forms  of 
city  charter.  Cornelius  probably  made  his  own  pathway  to  his  own  lot. 
To-day  the  Board  of  Public  Works  has  charge  of  the  sewered,  water- 
piped,  gas-piped,  paved,  electrically  lighted,  wire-strung  and  horse-car 
ridden  street  that  leads  to  the  same  lot  of  land.  Extend  the  demands 
of  civilization  to  the  State  in  the  same  way  that  they  have  already  been 
felt  in  those  parts  of  the  State  where  population  is  most  dense,  namely, 
in  the  cities,  and  forms  of  State  government  will  soon  adapt  themselves- 
to  the  work  they  have  to  do.  City  governments  are  constantly  being 
modified  and  improved  in  this  very  direction,  and  State  governments 
could  as  easily  be  molded  to  conform  to  the  requirements  of  the  public 
and  of  public  works. 

The  powers  of  the  general  Government  have  undoubtedly  had  a  re- 
straining influence  on  public  works,  or  on  an  organization  for  public 
works,  by  the  several  States.  And  unfortunately,  the  organization  of 
the  general  ^Government  itself,  to  carry  on  public  works,  leaves  very  much 
still  to  be  desired.  Let  those  who  may  shun  the  proper  organization  of 
the  States  and  of  the  general  Government  for  the  systematic  construction 
and  maintenance  of  public  works  think  of  one  thing — no  nation  has  yet 
existed  that  was  wholly  without  them,  and  this  nation,  no  less  than  most 
or  all  of  its  States,  in  spite  of  all  obstacles,  has  had  them,  and  is  con- 
stantly having  them.  The  question  becomes  reduced  then  to  this  simple 
proposition  :  Shall  our  public  works  be  built,  and,  what  is  of  equal  im-^ 
portance,  maintained,  in  a  proper,  business-like  manner,  getting  year  by 
year  a  dollar's  worth  for  a  dollar's  expenditvire  ;  or  shall  the  shiftless, 
hand-to-mouth  method  of  procedure,  which  looks  not  forward,  and  hides 
its  shiftlessness  by  denying' that  we  have  any  public  works — shall  this 
wastefulness  of  the  public  funds  be  allowed  to  continue? 

Let  me  quote  at  this  jDoint  from  Senator  Hoar's  speech  of  July  1,  1884  : 

I  am  one  of  those  persons  who  believe  the  powers  conferred  by  the 
people  on  the  National  Government  were  created  to  be  exercised.  There 
is  no  economy  in  wasting  strength.  Nothing  is  so  extravagant  as  suffer- 
ing great  public  properties  to  remain  unused.     Great  as  have  been  the 

*  See  Dwiglit's  "  Travels  in  New  England,'"  1796-1802. 
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achievements  of  the  American  people  in  developing  the  resources  of  this 
continent  for  the  use  of  man,  there  are  far  greater  resources  still  unused, 
w^hich  the  power  of  the  nation  alone  is  adequate  to  unfold.  Nothing 
stands  in  the  way  of  our  contesting  again  with  Great  Britain  her  suprem- 
acy on  the  sea,  of  taking  our  righDtul  and  leading  place  in  supplymg  the 
markets  of  the  world,  as  well  as  bringing  together  the  distant  parts  of 
our  own  territory,  and  multiplying  many  fold  our  agricultural  and 
mineral  wealth,  but  the  want  of  a  discreet  and  liberal  exercise  of  the 
powers  vested  in  Congress  for  this  very  purpose. 

There  are  two  difficulties  which  we  encounter.  The  first  is  from  that 
school  of  statesmanship  which  dreads  and  resists  every  exercise  of  the 
functions  of  government  not  absolutely  necessary  for  the  preservation 
of  the  state  and  the  security  of  life  and  property.  The  other  is  from  a 
Avidespread  popular  belief  that  this  class  of  expenditures  is  dishonestly 
made.  But  the  theory  of  the  strict  constructionist,  however  it  may  be 
vindicated  by  experience,  in  regard  to  many  of  the  relations  of  govern- 
ment to  the  people  is  surely  out  of  place  here.  Government  has  its 
police  powers:  it  exercises  its  authority  for  restraint  or  for  exaction  over 
the  individual  human  wdl.  The  use  of  such  powers  should  be  confined 
to  the  limits  of  absolute  necessity.  They  become  odious  to  those  who 
are  subjected  to  them.  They  are  the  instruments  of  tyranny  and  the 
temptation  of  ambition.  Let  these  powers  be  limited  by  a  construction 
as  strict  as  may  be  compatible  with  the  absolute  safety  of  the  state.  The 
maxim,  "  The  world  is  governed  too  much,"  is  the  witness  of  the  experi- 
ence of  mankind  of  their  abuse. 

But  to  the  power  to  regulate  commerce  no  such  objection  applies.  It 
is  wholly  beneficent.  It  is  a  senseless  and  unreasoning  fear  which  dreads 
putting  forth  the  national  strength  in  these  great  public  works  through 
which  every  artery  and  vein  of  commerce  throbs  with  a  new  life.  Surely 
if  we  can  call  the  great  inanimate  forces  of  nature  into  the  service  of 
man  we  may  rightfully  avail  ourselves  of  the  united  strength  of  the 
50,000,000  who  make  up  the  Republic  to  build  great  public  ways,  to  aid 
the  railroad,  to  open  the  harbor  on  lake  or  ocean,  to  clear  the  channel  of 
the  great  river  for  the  commerce  of  the  world.  Under  this  generous  and 
wise  policy  taxation  itself,  everywhere  else  a  burden,  becomes  only  a 
source  of  wealth.  *  *  *  Certainly  the  Republic  is  a  failure  if  it  can- 
not wield  those  national  forces  which  are  solely  peaceful  and  beneficial, 
because  of  tlie  iniquity  and  corruption  which  must  attend  their  exercise. 

Who  can  doubt  that  a  sovereign  like  the  half-savage  Peter  the  Great 
or  like  the  accomplished  Emperor  of  Brazil,  would  largely  increase  the 
value  of  our  product  to  the  producer  and  reduce  its  cost  to  the  con- 
sumer, by  moderate  and  judicious  expenditure  in  removing  the  obstruc- 
tions to  transportation  ?  What  I  complain  of  is,  not  that  we  do  not 
adopt  the  methods  of  other  nations.  Our  own  may  be  better.  I  do 
not  now  complain  that  we  do  not  imitate  Great  Britain  in  the  policy 
by  which  she  has  gained  and  preserved  the  sovereignty  of  the  seas.  I 
do  not  now  complain  that  we  do  not  create  a  navy.  I  am  not  at  this 
moment  complaining  tliat  we  have  neglected  the  lessons  of  our  own 
experience  and  the  conclusions  of  our  wisest  and  most  thorough  inves- 
tigators. But  I  demand  that  we  shall  consider  all  these  things  on 
their  merits  ;  that  v  e  shall  treat  them  and  discuss  them  and  vote  upon 
them  as  things  that  may  be  honestly  done  or  honestly  let  alone.  I 
would  insert  in  the  river  and  harbor  bill  no  single  item  the  public 
usefulness  of  which  can  not  be  made  so  clear  in  the  report  of  the  com- 
mittee that  it  will  command  with  substantial  unanimity  the  support 
of  those  persons  who  will  fairly  and  consistently  give  it  their  attention. 
If  the  American  Congress  shall  be  driven  from  its  duty  by  fear  of  impu- 
tations upon  its  integrity,  it  will  go  far  toward  a  confession  that  such 
imputations  are  not  undeserved.     ***** 

The  removal  of  the  burden  of  the  cost  of  transportation  of  food  and  ma- 
terial, important  as  it  is  to  the  rest  of  the  country,  is  vital  to  New  Eng- 
land, and  especially  to  the  State  which  I  represent.  She  has  to  transport 
over  vast  spaces   her  food,    her   matei'ial,   and  her  j^roduct.     Bringing 
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across  the  continent  her  food,  her  coal,  her  iron,  her  leatlier,  her  wool, 
and  her  cotton,  she  sends  her  product  back  across  the  continent  to  be 
sold  in  competition  with  the  established  industries  and  cheap  labor  of 
Europe  on  the  one  hand,  and  the  rising  home  manufacture  of  the  West 
and  South  on  the  other.  Boston,  of  all  the  five  great  ports  of  export,  is 
the  farthest  in  distance  from  the  producer.  New  England  is  the  farthest 
in  distance  from  the  market  of  all  the  great  manufacturing  centres. 
The  interest  of  New  England  is  to  make  the  percentage  of  the  cost  of 
transport  on  food  and  material  and  i)roduct  as  small  as  possible.  That 
alone  can  give  her  equality. 

The  doctrine  of  internal  improvement  is  a  Massachusetts  doctrine. 
She  originated  it.  She  has  furnished  its  ablest  and  most  zealous 
<lefenders.     In  a  letter  dated  February  2,  1837,  John  Quincy  Adams  says  : 

The  great  effort  of  my  administration  was  to  mature  into  a  permanent  and  regular 
system  the  application  of  all  the  superfluous  revenue  of  the  Union  to  internal  improvt- 
raent ;  improvement  which  at  this  day  would  have  afforded  high  wages  and  constant 
employment  to  hundreds  of  thousands  of  laboreis,  and  in  which  every  dollar  expended 
would  have  repaid  itself  fourfold  in  the  enhanced  value  of  the  pubhc  lands.  With  this 
system  in  ten  years  from  this  day  the  surface  of  the  whole  Union  would  have  been 
-checkered  over  with  railroads  and  canals.  It  may  still  be  done,  half  a  century  later, 
And  with  the  hmping  gait  of  State  legislation  and  private  adve  iture.  I  would  have  done 
it  in  the  administration  of  the  affairs  of  the  nation  ;  I  had  laid  the  foundation  of  it  all 
by  a  resolution  offered  to  the  Senate  in  1806,  and  adopted  by  that  body  under  another's 
name.  The  Journals  of  the  Senate  are  my  vouchers.  It  called  forth  the  first  report  of 
Albert  Gallatin,  then  Secretary  of  the  Treasury,  upon  internal  improvement. 

This  report  of  Albert  Gallatin  was  made  to  the  Senate  on  the  4th  of 
April,  1808.  Few  of  our  state  papers  equal  it  in  interest  and  importance. 
It  embodies  the  opinions  of  John  Quincy  Adams,  as  he  repeatedly 
declared.     Gallatin's  own  authority  is  hardly  inferior  to  that  of  Adams. 

I  give  a  brief  abstract  of  Mr.  Gallatin's  report,  which  shows  its  far- 
reaching  character  : 

Whenever  the  annual  expense  of  t'"ansportation  on  a  certain  route  in  its  natural  state 
•exceeds  the  interest  on  the  capital  emplo.ved  in  improvmg  the  communication  and  the 
annual  expense  of  transportation  (exclusively  of  the  tolls)  by  the  improved  route,  the 
difference  is  an  annual  additional  income  to  the  nation. 

It  makes  no  difference  whether  the  tolls  pay  the  interest  on  the  cost 
or  not. 

The  general  gain  is  n«t  confined  to  the  difference  between  the  expenses  of  the  trans- 
portation of  those  articles  which  had  formerly  been  conveyed  by  that  route,  but  many 
which  were  brought  to  market  by  other  channels  will  then  find  a  new  and  more  advan- 
tageous direction  ;  and  those,  which  on  account  of  their  distance  or  weight  could  not  be 
transported  in  any  manner  whatever,  will  acquire  a  value  and  become  a  clear  addition 
»o  the  national  wealth.    ******* 

Mr.  Gallatin  proposes  to  defray  by  an  annual  appropriation  of  $'i,000,- 
OOO,  extending  over  a  period  of  ten  years. 

Mr.  Gallatin  estimates  the  annual  permanent  revenue  of  the  United 
States  from  1809  to  1815  at  fourteen  millions,  and  the  necessary  annual 
expenditure  on  the  peace  establishment  at  eight  millions  and  a  half, 
including  forty -six  hundred  thousand  for  pr.ncipal  and  interest  of  the 
public  debt. 

It  will  be  seen,  therefore,  that  he  proposes  an  exiienditure  for  internal 
improvements  alone,  not  reckoning  any  sum  devoted  to  harbors,  either 
on  the  ocean  or  lakes,  equal  to  14  percent.  Qf  the  entire  national  income, 
and  equal  to  about  25  per  cent,  of  the  sum  expended  by  the  nation  for  all 
other  parposes.  and  to  more  than  50  per  cent,  of  the  expenditure  for  all 
other  purposes,  exclusive  of  the  public  debt.  The  actual  expenditure  fell 
far  short  of  Mr.  Gallatin's  estimate,  being  but  fifty-three  hundred  and 
eleven  thousand  in  1810  for  all  purposes  other  than  the  debt. 

If  we  were  to  expend  the  same  proportion  of  our  revenue  on  this  object 
to-day,  as  was  jiroposed  by  Gallatin  in  1808,  we  should  have  devoted  fifty 
six  and  a  half  millions  in  1883  to  internal  improvements  alone  (instead  of 
fifteen  millions,  as  proposed). 

Let  it  be  remembered  that  the  expenditure  thus  proposed  by  these 
■early  statesmen  was  for  internal  improvement  alone — for  rivers,  canals  and 
roads— an  expenditure  for  the  service  only  of  domestic  commerce,  includ- 
ing nothing  for  light-houses  or  harbors  on  the  coast.  John  Quincy 
Adams  would  have  had  a  nation  of  six  or  seven  million  people  give  five 
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million  annually  from  its  revenue  of  fourteen  million.  Jefferson  would 
have  it  give  annually  eight  million  from  its  revenue  of  eighteen  millioo 
to  the  territory  east  of  the  Mississippi  for  purposes  for  which  the  much- 
abused  bill  of  1882  expended,  exclusive  of  the  Mississippi  River,  but  five 
and  a  half  million  from  our  income  of  four  hundred  million  for  the  entire- 
continent. 

I  suppose  we  may  fairly  claim  that  any  doctrine  upon  which,  from 
1806  to  1848,  when  Adams  died,  Daniel  Webster  and  John  Quincy  Adams 
were  agreed,  was  a  Massachusetts  doctrine. 

To  exhibit  Mr.  Webster's  views  on  the  policy  of  liberal  expenditure  for 
internal  communications  by  the  General  Government  would  be  almost  to- 
set  forth  his  whole  theory  as  a  constitutional  statesman.  He  was  born 
in  the  last  year  of  the  Revolutionary  war.  His  public  life  began  at  the 
beginning  of  the  war  of  1812,  when  the  infant  Republic,  with  its  popula- 
tion scarcely  exceeding  7,000,000,  was  an  object  of  undisguised  contempt 
to  every  leading  power  on  earth.  Yet  the  present  greatness  of  the  coun- 
try is  not  seen  by  our  own  vision  to-day  more  clearly  than  it  appeared 
then  to  that  of  Daniel  Webster.  With  the  eye  of  a  prophet  and  the  com- 
prehension of  a  statesman,  he  saw  from  the  beginning  the  vast  and 
beneficent  power  of  these  unused  national  forces.  He  never  separated 
from  the  blessings  of  constitutional  liberty  itself  the  benefits  to  be 
denved  from  commerce  as  developed  by  these  great  national  works  of 
internal  development.  He  never  omits  to  urge  this  theme  when  the  occa- 
sion makes  it  proper.  *  *  *  At  the  public  dinner  given  him  in  Faneuil 
Hall,  in  1828,  at  the  outset  of  his  service  in  the  Senate,  he  again  calls  the 
attention  of  his  constituents  to  this  subject  as  one  of  great  and  growing 
importance.  *  *  *  "  The  vast  regions  of  the  West  are  penetrated  by 
rivers  to  wliich  those  of  Europe  are  but  as  rills  and  brooks.  The  naviga- 
tion of  those  noble  streams,  washing  as  they  do  the  margins  of  one-third 
of  the  States  of  the  Union,  is  obstructed  by  articles  capable  of  being 
removed,  and  yet  not  likely  to  be  removed  but  by  the  power  of  the  gen- 
eral Government.  Was  this  a  justifiable  object  of  expenditure  from  the 
National  Government?    Without  hesitation  I  have  thought  that  it  was." 

He  goes  on  to  urge  that  these  objects  are  much  less  local  than  they 
seem  : 

"If  the  mouths  of  the  Southern  rivers  be  deepened  and  improved,  the 
neighboring  cities  are  benefited,  but  so  also  are  the  ships  which  visit 
them  ;  and  if  the  Mississippi  and  Ohio  be  rendered  more  safe  for  naviga- 
tion, the  great  marKets  of  consumption  along  their  shores  are  the  more 
readily  and  cheaplv  approached  by  the  products  of  the  factories  and 
fisheries  of  New  England."     ******* 

All  expenditures  we  have  ever  made  or  ever  proposed  on  lakes,  rivers, 
and  harbors  together  are  trifling  compared  with  what  our  rivals  are 
putting  forth  to  maintain  themselves  against  our  competition.  We  have 
33,000  miles  of  stormy  and  dangerous  coast  line  on  the  oceans  alone. 
England  has  but  1,300 ;'  yet  she  expended  fifteen  millions  on  her  harbors 
in  1874. 

The  breakwater' at  Plymouth  cost  her  $7,214,325.  That  at  Portland 
cost  her  $5,043,870.  Holyhead  cost  her  $6,499,895.  The  total  expendi- 
ture of  the  Clyde  Trust  to  June  30,  1875,  was  £6,774,315,  or  about  $33,- 
000,000,  a  sum  greater  than  we  had  expended  on  all  our  rivers  and  har- 
bors together  from  the  foundation  of  the  Government  to  1873,  and  three 
times  as  much  as  we  had  expended  on  our  20,000  miles  of  Western  riv- 
ers. This  outlay  has  converted  the  Clyde  from  a  shallow  stream,  ford- 
able  at  many  points  between  Glasgow  and  the  sea,  into  a  river  capable 
of  bearing  on  its  waters  the  commerce  and  ships  of  all  nations.  Yet  we 
are  accused  of  extravagance  when  we  would  devote  a  fifth  part  of  this 
sum  to  the  thousand  miles  of  the  Mississippi.  I  cannot  give  the  expen- 
diture upon  the  Mersey.  But  the  debt  of  the  Mersey  Docks  and  Harbor 
Board  outstandi»g  in  1882  was  $81,424,405.     ****** 

Canada  enlists  in  the  competition  with  an  expenditure  on  her  Govern- 
ment railroads  since  1868  of  $30,406,481.  She  subsidizes  a  fine  of  steam- 
ships to  Brazil.     In  1880-81    she  paid   on   capital  account  $8,176,316,   of 


RIVER  AND  HARBOR  BILLS  OF  THE  U.  S.  CONGRESS.         103 

which  $4,968,503  represents  outlay  on  the  Pacific  Rulroad,  $608,702  on 
the  Intercolonial  Railway,  $1,242,903  on  the  Weliand  Canal,  $411,608  on 
the  Ottawa  canals,  $334,681  on  Dominion  lands,  and  the  remainder  on  the 
other  canals.  In  the  same  year  she  spent  $3,900,000  on  public  works.  In 
the  year  after  the  union  of  her  two  provinces,  Canada,  with  a  population 
of  little  more  than  a  million  and  a  total  revenue  of  $1,488,000  expended 
two  millions  for  her  canals.     ****** 

I  take  the  following  from  the  Edinburgh  Review  for  October,  1882  : 

Iq  brief,  the  actual  water-ways  of  France  amount  to  an  aggregate  length  of  7,069 
miles,  not  including  any  maritime  navigation,  such  as  that  of  the  Seine  below  Rouen. 
The  cost  of  this  fine  system  has  been  ii4.'5,608,.5l6,  or  £6.230  per  mile.  One  thouband 
eight  hundred  and  thirteen  additional  miles  have  been  authorized  and  are  in  course  of 
execution  by  the  state,  the  cost  of  which,  together  with  that  of  the  improvements 
required  on  the  existiug  lines,  will  at  least  be  an  equal  sum.  France  will  shortly  be 
possessed  of  8,880  miles  of  inland  water  way,  provided  at  a  cost  of  from  £80,000,000  to 
£100,000,000.    ****** 

These  statistics  become  doubly  impressive  when  we  reflect  that  we 
have  a  single  American  State,  one  only  among  our  thirty-eight  States 
and  eight  Territories,  which  is  as  large  as  France  in  territory  and  far 
greater  in  its  rich  and  various  productive  capacity.     ****** 

I  desire  to  discuss  but  one  more  branch  of  the  subject.  Granted  the 
desirability  of  public  works  and  a  form  of  government  fit  to  execute 
them,  how  shall  the  choice  be  made  among  the  many  projects  which  ac- 
tive minds  vtdll  ever  press  upon  the  law-making  power?  This  is  the 
precise  phase  in  the  growth  of  any  public  work,  in  which  the  public  is 
most  apt  to  find  dissatisfaction.  I  believe  that  the  experience  of  foreign 
nations,  especially  that  of  the  leading  foreign  nations,  who  have  had 
centuries  of  experience  in  this  branch  of  the  subject,  would  be  very  in- 
structive. A  commission  appointed  for  the  purpose  of  devising  a  system 
of  rules  and  regulations  in  the  testing  of  asked  for  appropriations  for 
public  works,  would,  I  believe,  (at  all  events  could),  make  an  interesting 
report.  And  until  I  had  made  such  study,  I  would  not  wish  to  suggest 
something  better,  where  I  have  dared  to  criticise.  In  England  an  attempt 
has  been  made,  extending  from  some  20  years  back  and  yet  in  action,  to 
abolish  Parliamentary  grants  for  river  and  harbor  works,  and  thereby  do 
away  with  the  selection  of  works  made  necessary  by  the  policy  of  making 
such  grants.  Most  every  conceivable  substitute  has  been  tried:  To  loan 
money  to  the  local  authorities,  at  a  low  rate  of  interest ;  harbor  dues  and 
tolls  to  repay  the  loan.  The  result  has  been  that  the  loan  commissioners, 
with  an  eye  single  to  good  security,  have  choked  off  most  of  the 
works,  say  half  of  which,  it  is  now  admitted,  they  should  have  encouraged. 
In  other  cases  they  have  loaned  money,  the  works  have  been  started,  not 
finished,  they  have  refused  further  loans,  no  income  has  resulted,  the 
original  loan  has  been  defaulted  ;  and  as  a  final  upshot  of  it  all,  dragged 
along  over  15  or  20  years  of  weariness  to  the  spirit,  they  have  made  a 
stingy  Parliamentary  grant  in  the  form  of  a  defaulted  loan,  and  all  this 
without  doing  much,  if  any,  actual  good. 

Sometimes  the  system  has  been  followed  of  giving  one-fourth  or  one- 
half,  if  the  local  authorities  gave  the  other  three-fourths  or  one-half. 
And  some  harbors  of  refuge,  so  called,  have  been  built  by  convict  labor. 
Navy  harbors,  harbors  for  docks  and  war  establishments,  v/ere  built  by 
the  Imperial  Government  outright.  Some  of  the  smaller  dependencies 
of  Great  Britain,  such  as  the  Isle  of  Wight,  have  never  had  any  system 
but  that  of  legislative  grants  outright.     On  the  whole,  a  study  of  the 
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systems  tried  in  Great  Britain*  has  led  one  student  thereof    to  stand 
ready  to  pronounce  her    schemes    and    plans    of    finance    for   harbor 
improvements  a  magnificent  failure,  with  more  to  be  learnt  in  what  is  to 
be  avoided  than  in  what  is  to  be  followed.     Of  late  years,  the  improve- 
ment of  small  fishing-boat  harbors  has  become  an   object    of   private 
charity,  no  less  than  of  Government  aid  ;  the  Baroness  Burdett-Coutts. 
among  others,    having    developed    several  such    harbors    in    Ireland, 
besides  furnishing  fishing  boats  to  the  population,  the  latter  on  loan, 
to  be  paid    for    out    of    the  catch.      This  has  been  done  to    develop 
the    fisheries,   and    to    keep    the    population  from  want    and    misery. 
In    Scotland    there    is    a    special    commission    to    aid    the    fisheries 
in  this  way,   who  exact    wharfage    and    other    dues  as  a  means    of 
return.    A  charge  for  branding  the  kegs  of  fish,   without  which  brand 
the  fish  are  not  salable,  is  one  form  of  mediaeval  tax,  thus  exacted.     My 
own  view  of  the  majority  of  these  many  charges  for  brands  on  herrings, 
multifarious  wharf-dues,  harbor  dues  and  similar  complex  Government 
tolls,    is  one  of  fair-sized  contempt.     "Some   merchants  conduct  their 
affairs  after  the  manner  of  statesmen,"  it  has  been  said,  "while  some 
statesmen  conduct  their  business  of  State  after  the  manner  of  peddlers." 
The  business  of  taxation  of  the  people  should  be  simplified  to  the  last 
degree  :    a    few  taxes,   equally  imposed ;   all  expenditures    from    the 
amount  thus  collected.      This,  it  seems  to  me,  is  the  tendency  of  modern 
times,  and  seems  the  only  business-like  method  of  carrying  on  the  State 
government.     I  believe  that  no  other  nation  has  ever  tried   experiments 
similar  to  those  tried  in  Great  Britain.     The  better  governed  a  country 
is,  the  simpler,  the  better  its  public  works  are  managed  ;  so  much  is  cer- 
tain.    Such  small  states  as  Holland,  Belgium,  Baden,  and,  as  we  have 
seen,  a  snug  little  dependency,  even,  of  Great  Britain,  like  the  Isle  of 
"Wight,  are  models  in  the  management  of  their  river  and  harbor  and 
other  public  works. 

As  a  type  of  the  continental  practice,  I  give  the  system  in  vogue  in 
Prussia.  I  have  it  from  a  member  of  the  Prussian  corps  of  civil  engi- 
neers, several  years  resident  in  this  country  as  engineer  attache  to  the 
Imperial  German  Legation  at  Washington,  and  translate  literally.  It  is 
undoiibtecUy  as  correct  a  representation  as  it  is  an  able  one. 

' '  Prussia  is  divided  into  river  and  harbor  districts,  having  a  chief  engineer 
(Regierungs  und  Baurath)  at  the  head  of  the  work  for  each  district.  The 
several  districts  are  again  divided  into  a  number  of  lesser  circuits,  having 
a  State  Inspector  (Bau-Inspector)  as  resident  engineer  in  each.  Resident 
engineers  are  furnished  with  assistants,  according  to  their  needs,  mainly 
such  who  rank  as  engineers  (Baumeister),  and  have  passed  both  the 
Government  examinations,  and  such  who  may  be  called  assistant  engi- 
neers (Bauftihrer)  and  who  have  passed  only  the  first  Government  exam- 
ination. Engineers  and  assistant  engineers  are  employed  by  the  State 
per  diem,  according  as  the  State  may  have  need  of  their  services.  They 
may  accept  service  on  works  built  by  private  capital.  According  to  their 
length  of  State  service,  they  advance  to  permanent  State  positions,  as 
inspectors  or  resident  engineers. 

*  See  a  "  Blue-book"  of  1883,  entitled  "  Report  from  the  Select  Committee  on  Harbour 
Accommodations,"  together  with  the  Proceedings  of  the  Committee,  etc.  London  : 
3883.    Printed  by  Henry  Hansard  &  Son. 
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^'In  case  of  the  larger  rivers — such  as  the  Rhine,  Elbe,  Oder,  Vistula — 
the  whole  river  constitutes  one  district,  whose  chief  engineer  is  called 
•chief  engineer  for  that  river  (Strom-Bau-Director).  The  main  office  for 
river  and  harbor  works  is  a  bureau  in  the  department  of  public  works, 
and  is  composed  of  a  number  of  chief  engineers  (Geheime  Bauriithe), 
under  the  direction  of  the  Chief  of  the  service  (Ober-Bau-Director.) 
This  organization,  then,  is  similar  to  that  in  effect  in  the  United  States, 
with  the  difference,  that  the  chief  of  the  service  acts  under  the  Minister 
of  Public  Works,  instead  of  acting  under  the  Secretary  of  War,  and  that 
the  officials  in  charge  are  state  civil  engineers,  instead  of  being  army 
officers.  The  further  difference,  that  the  districts  are  again  divided  into 
smaller  circuits,  having  a  resident  engineer  in  charge,  is  made  necessary, 
principally  from  the  fact  that  all  existing  river  and  harbor  works  are 
kept  in  good  order  and  condition,  and  for  this  purpose  demand  a  constant 
oversight. 

"  For  such  maintenance,  an  item  is  inserted  in  the  annual  appropriation 
bill,  which  is  determined  from  the  average  of  several  years'  experience. 

"  The  general  Government  takes  the  initiative,  as  a  rule,  in  case  of  new 
river  and  harbor  works,  upon  the  reports  of  its  engineers,  who  make 
report  upon  works  that  are  needed.  This  does  not  mean  to  exclude 
action  or  agitation  in  favor  of  desired  improvements  by  others,  be  they 
navigators,  merchants,  riparian  or  property  owners.  But  it  is  the  rule 
that  such  motions  or  petitions  go  first  to  the  engineers  who  have  the 
district  in  charge,  or  to  the  Government.  These  projects  are  then 
examined,  and  are  pursued  further,  or  are  declined.  If  the  parties  in 
interest  wish  to  appeal  from  the  decision  of  the  chief  of  the  service, 
the  Minister  of  Public  Works,  they  may  in  form  of  an  appeal  bring 
the  matter  to  the  attention  of  the  House  of  Representatives  or  of  the 
Senate,  through  a  member  of  those  houses. 

"The  Minister  of  Public  Works  causes  plans  and  estimates  to  be 
prepared  for  those  public  works  which  he  considers  desirable  or  expe- 
dient, and  in  consultation  w^ith  the  Minister  of  Finance  (Secretary  of 
the  Treasury),  causes  the  necessary  appropriations  to  be  placed  in  the 
estimates  for  the  next  year.  In  case  the  work  is  of  such  a  magni- 
tude that  several  years  would  be  required  to  complete  it,  the  sum  is 
fixed  which  may  be  expended  upon  it  during  the  first  year. 

"The  annual  appropriation  bill  is  presented  to  both  houses  of  the 
legislature,  together  with  the  plans  and  estimates  belonging  thereto.  In 
discussing  this  appropriation  bill,  the  Minister  of  Public  Works,  or  the 
chief  engineer  of  the  service,  or  the  engineers  who  have  had  the  matter 
directly  in  charge,  are  present,  and  defend  the  Government  jiresentation 
of  the  subject  in  committee,  no  less  than  in  both  houses.  During  these 
proceedings  all  proposed  amendments  and  changes  are  agreed  upon.  In 
case  such  agreement  be  not  reached,  the  Government  engineers  withdraw 
the  proposed  appropriation  item,  or  else  the  House  defeats  the  same.  In 
■case  members  of  the  House  present  motions  for  the  construction  of  new 
works,  which  the  Government  has  already  declined,  in  answer  to  parties 
in  interest,  a  debate  or  a  consideration  in  committee  follows,  during 
which  the  representatives  of  the  Executi-ve  are  enabled  to  give  their 
reasons  for  having  declined  to  entertain  the  same.    In  case  the  House  is 
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of  the  opinion  that  the  Executive  is  in  the  wrong,  it  passes  a  vote  that 
plans  and  estimates  be  prepared  and  presented  at  the  following  session. 
Paying  heed  to  the  opinions  and  demands  of  popular  representation 
pressed  during  the  proceedings,  the  Executive  is  enabled  to  give  the 
matter  further  careful  consideration,  and  there  usually  follows  an  agree- 
ment at  the  next  session.  As  a  rule,  the  Executive  is  usually  more 
ready  to  undertake  public  improvements  than  the  representatives  of  the 
people  are  ready  to  grant  the  necessary  funds. 

"The  House  of  Representatives  may  refuse,  reduce,  or  enlarge  each 
separate  item  of  the  appropriation  bill ;  the  Senate  may  only  accept  or 
reject  the  bill  as  a  whole.  Incase  the  bill  be  thus  rejected  on  account  of 
objectionable  items  therein  contained,  the  bill  goes  back  to  the  House  of 
Representatives,  and  the  House  comes  to  some  agreement  with  the  Sen- 
ate, similarly  to  the  proceedings  in  like  cases  between  the  Senate  and 
House  at  Washington,  in  case  of  the  River  and  Harbor  Bill. 

"  As  I  view  the  matter  "  (still  quoting  my  learned  friend),  "  the  main 
points  of  difference  between  our  system  and  that  in  vogue  in  the  United 
States,  are  as  follows  : 

"1.  Demands  for  river  and  harbor  improvements,  whether  emanating 
from  the  Government  engineers  or  from  others,  are  much  more  carefully 
studied,  and  are  presented  to  the  two  houses  only  in  case,  and  in  so  far  as 
the  Executive  believes  it  may  be  responsible  to  the  country  for  their  cost. 

'•  3.  During  the  debates  in  the  two  houses,  the  members  of  the  Execu- 
tive branch  are  present,  and  take  part  in  the  discussions  concerning 
amendments — explaining  some  points,  and  disproving,  by  facts  and 
figures,  in  the  event  of  untenable  requests  made  in  behalf  of  individual 
interests. 

"3.  In  case  either  House  takes  the  initiative  for  a  new  river  or  harbor 
work,  the  Executive  is  charged  with  the  preparation  of  the  necessary 
plans  and  estimates,  and  the  project  comes  up  again  for  action  at  the 
next  session. 

"4.  A  definite  plan  of  action  is  established  for  all  large  works,  necessi- 
tating a  series  of  years  for  their  construction,  which  determines  the  total 
amount  requisite  and  the  amount  to  be  expended  from  year  to  year.  In 
appropriating  the  sum  needed  for  the  year  to  come,  the  two  houses  also 
approve  the  whole  plan  of  procedure.  They  do  not,  however,  thereby 
deprive  themselves  of  the  right  to  refuse,  abridge  or  enlarge  the  appro- 
priation as  per  plan  adopted,  in  any  of  the  years  following,  in  case  they 
deem  such  a  step  called  for  by  the  circumstances  then  in  effect. 

"  5.  A  fixed  sum  is  annually  appropriated  for  the  proper  maintenance  of 
all  existing  river  and  harbor  works,  which,  as  a  rule,  becomes  a  subject 
of  discussion  only  in  case  the  usual  or  average  amount  be  increased  on 
account  of  a  notable  increase,  in  course  of  time,  m  the  extent  of  the 
works  to  be  maintained. 

"  The  whole  method  of  procedure  is  based  upon  the  fact  that  in  Prussia 
the  Executive  forms,  with  the  two  houses  of  the  popular  representation,  a 
third  factor  in  the  Legislative  Assembly,  having  its  own  well-defined 
rights  and  duties." 

It  is  always  instructive  to  "  see  ourselves  as  others  see  us."  I  there- 
fore give,  as  a  companion  picture,  what  the  same  engineer  has  said  of 
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the  public  works  of  the  United  States.  In  a  lecture  delivered  before  the 
annual  convention  of  the  civil  engineers  and  architects  of  Germany, 
Aug.  27,  1884,  he  says: 

"  I  desire  to  speak  on  this  occasion,  in  the  order  given,  of  the  public 
works,  respectively,  of  the  United  States  as  the  central  Government,  of 
the  sovereign  single  States,  and  of  the  cities  and  towns.  In  the  case  of 
works  built  by  private  capital,  we  shall  have  to  consider  railroads  naviga- 
tion canals,  owned  by  private  parties  and  churches. 

"  The  United  States  Government  has  in  Washington,  the  capital  of  the 
nation,  two  central  departments,  which  conduct  the  works  of  construc- 
tion that  belong  to  Congress  to  build  or  to  maintain.  These  are:  A  bureau 
for  civil  engineering,  under  the  Secretary  of  War,  and  another  for  public 
buildings,  under  the  Secretary  of  the  Treasury. 

"  At  the  head  of  the  engineer  bureau  stands  the  chief  of  engineers,  a 
General  in  the  United  States  army;  at  the  present  time.  Gen.  John  Newton, 
well  known  in  connection  with  the  submarine  operations  at  Hell  Gate, 
near  New  York.     Under  control  of  this  bureau  we  find: 

"  1.  All  the  harbor  works  of  the  sea  coast  and  on  the  great  lakes. 

"2.  The  improvements  of  rivers  when  undertaken  in  the  interests  of 
navigation. 

"3.  The  canals  built  in  connection  with  the  river  improvements  for 
overcoming  rapids. 

"  4.  Fortifications  and  constructions  of  military  engineering;  of  which 
latter  there  are  so  few,  however,  that  the  greater  part  of  the  work  done 
consists  of  the  first-named  constructions. 

"  This  bureau  also  furnishes  a  number  of  officers  to  other  bureaus,  to 
serve  as  engineers  :  as,  for  instance,  to  the  fight-house  service;  to  the 
construction  of  the  Washington  monument  ;  for  the  maintenance  of  the 
White  House  ;  for  statues,  and  for  various  city  works  in  Washington, 
the  capital  of  the  nation  ;  also  as  teachers  at  the  Military  Academy,  at 
West  Point. 

"  At  the  present  time,  there  are  in  service,  under  the  chief  of  engi- 
neers, 8  colonels.  14  lieutenant-colonels,  26  majors,  32  captains,  26  first 
lieutenants  and  4  second  lieutenants;  altogether,  110  officers.  Only  a  few 
of  these  officers  are  in  regular  military  service,  attached  to  the  battalion 
of  engineers,  which  at  present  consists  of  only  200  men.  A  few  others 
are  engaged  in  the  maintenance  of  the  fortifications  and  in  the  torpedo 
service.  The  great  majority  are,  in  fact,  engaged  in  the  same  service 
that  with  us  is  performed  by  the  State  civil  engineers. 

"  The  whole  country  is  divided  into  districts,  which  are  made  larger 
or  smaller,  according  to  the  number  of  works  in  process  of  construction 
w^ithin  them,  each  of  which  has  at  its  head  a  colonel,  lieutenant-colonel 
or  major,  and  in  a  few  cases  one  of  the  older  captains.  These  officers 
conduct  the  works  within  their  district,  consulting  but  rarely  with  any 
other  public  authority,  and  receive  their  orders  directly  from  the  chief 
engineer,  in  whose  bureau  there  are  three  higher  officers  as  division 
chiefs.  The  younger  captains  and  lieutenants  are  assistants  of  the  dis- 
trict engineers. 

"  It  goes  without  saying  that,  with  the  large  extent  of  works  in 
progress,  for  which  about  fifteen  million  dollars  were  appropriated  in 
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the  present  year,  these  oflBcers  need  a  large  number  of  assistants.  These 
assistants  are  engaged  and  dismissed  according  to  the  necessities  of  the 
time  being,  and  according  to  the  means  at  hand,  by  the  district  engi- 
neers, so  that  their  position  may  be  said,  in  general,  to  be  an  uncertain 
one.  It  is  true  that,  in  case  of  the  larger  works  lasting  a  long  time,, 
many  of  these  assistants  have  earned  for  themselves,  by  industry,, 
technical  skill  and  energy,  such  a  position  that  they  are  retained  when- 
ever it  is  at  all  possible  ;  but,  nevertheless,  they  cannot  reckon  upon 
having  a  fixed  position.  There  are  only  two  U.  S.  civil  engineers  in  the 
whole  corps,  and  these  were  appointed  many  years  ago  by  an  accident  of 
legislation.  There  are  many  Germans  among  these  assistants,  and  in 
many  cases  these  have  won  for  themselves  a  highly  respected  position. 
Nevertheless,  there  are  few  educated  engineers  among  these  Germans, 
Generally  they  are  former  army  officers,  surveyors  or  manufacturers, 
who  have  made  civil  engineers  of  themselves  in  Amei'ica  by  force  of  the 
positions  taken  by  them.  Their  per-diem  wages  are,  in  general,  suffi- 
ciently large  to  support  life.  Those  of  superior  ability  have  occasionally 
a  larger  income  than  the  officers  who  comnaand  them,  whose  pay  in  the 
higher  positions  is  remarkably  small.  But  the  sword  of  Damocles  hovers 
constantly  over  the  heads  of  the  assistants,  and  it  not  infrequently  falls, 
especially  when,  as  was  the  case  in  1883,  Congress  votes  no  appropriation 
for  the  continuation  of  the  public  works,  and  the  only  means  left  to  keep 
them  up  are  the  balances  remaining  from  previous  years.  An  employ- 
ment of  former  non-commissioned  officers  of  the  army  on  public  works, 
is  not  customary." 

(The  author  next  cites  several  articles  he  has  written,  descriptive  of 
various  public  works  in  the  United  States,  and  reviews,  from  an  en- 
gineer's standpoint,  the  river  improvements  on  the  western  rivers,  build- 
ing of  jetties  on  the  lake  harbors,  kinds  of  dredges  and  pile-drivers  used 
in  the  United  States,  canals  constructed  parallel  to  the  rivers,  including 
the  projected  Hennepin  Canal,  which  was  described  by  him;  speaks 
also  of  the  light-house  service.) 

"  I  come  now  to  the  bureau  having  charge  of  the  construction  of  pub- 
lic buildings,  which,  in  the  United  States,  is  in  the  department  of  the 
Secretary  of  the  Treasury.  This  bureau  erects  the  custom-houses,, 
post-offices,  buildings  for  the  United  States  Courts,  and  marine  hos- 
pitals. All  these  buildings  were  in  charge  of  the  engineer  corps  up  to 
the  civil  war;  but  at  that  time,  when  all  the  engineer  officers  were  nec- 
essarily engaged  in  the  field,  an  architect  was  charged  with  their  con- 
struction. "While  the  district  engineers  are  almost  wholly  independent, 
as  far  as  professional  questions  are  concerned,  and  the  central  office 
rules  only  upon  general  and  larger  questions  (especially  difficult,  tech- 
nical questions  are  answered  by  a  commission  of  higher  officers,  chosen 
for  that  special  question);  we  find,  on  the  other  hand,  in  the  construction 
of  the  public  buildings,  the  highest  type  of  centralization.  The  chief  of 
the  service  causes  all  the  plans  and  estimates,  down  to  the  smallest  detail,  to 
be  made  in  his  bureau  at  Washington  ;  he  closes  all  contracts,  and  merely 
puts  the  inspection  of  the  work  in  charge  of  some  private  architect,  in 
the  city  where  it  is  being  built,  at  a  per-diem  salary  of  six  to  ten  dollars. 
Any  changes  in  design  or  in  detail,  which  may  be  found  necessary  during 
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the  course  of  construction,  must  be  ordered  from  the  central  oflSoe.  This 
bureau  has  change  of  a  yearly  expenditure  of  about  five  million  dollars  ; 
its  central  office,  in  which  the  chief  architect  employs  and  dismisses  all 
assistants,  according  to  his  own  views  of  necessity  or  propriety,  costs 
about  one  hundred  and  fifty  thousand  dollars  annually.  Public  build- 
ings, dating  from  the  period  when  the  engineering  department  had  charge 
of  their  construction,  are  mostly  built  in  pure  Grecian  style  ;  since  then, 
the  Renaissance  has  come  into  power  ;  and  in  later  times,  the  favorite 
Queen  Anne  style,  much  used  in  America  for  private  buildings,  is  used 
for  the  smaller  public  buildings  also.  Public  buildings  are  erected  with 
great  care,  as  regards  perfection  of  finish  and  security  from  fire;  the 
exterior  walls  generally  of  granite.  Their  cost  is  quite  considerable.  The 
Post-Office  and  Custom  House  in  St.  Louis  cost,  for  example,  about  six 
million  dollars  (about  sixteen  hundred  dollars  per  square  meter);  thePost- 
Office  and  Court  House  in  Philadelphia  cost  nigh  five  million  dollars  (or 
thirteen  hundred  dollars  per  square  meter);  similar  amounts  were  sj^ent  for 
the  public  buildings  in  Boston,  Chicago,  Cincinnati,  Baltimore,  and  in  all 
the  medium-sized  cities.  The  Post-Office  in  New  York  cost  even  more 
than  ten  million  dollars.  In  a  little  city  like  Albany,  the  cost  amounted 
to  about  four  hundred  dollars  per  square  meter.  The  mild  manner  in 
which  an  expenditure  over  the  estimates  has  been  handled  by  Congress 
is  worthy  of  note.  Congress  voted  in  1870,  for  example,  that  the  Post- 
OaSce  buildiug  in  Boston  should  cost  a  millionand  a  half,  but  the  expendi- 
tures have  amounted  to  nigh  six  and  one-fourth  million  dollars  ;  Chicago 
received  an  appropriation,  in  1871,  of  four  million  dollars,  but  spent  also 
about  six  and  one-fourth  million  dollars  ;  Cincinnati  was  to  have  spent 
about  two  and  one-fourth  million  dollars,  but  the  building  has  already 
cost  five  and  three-fourths  million  dollars,  and  is  not  yet  completed.  As 
regards  the  time  spent  in  building  these  works,  also,  judgment  has  been 
very  lenient.  All  the  buildings  above  named  were  in  process  of  con- 
struction at  least  ten  years." 

Thus  far  my  German  friend.  In  the  Empire  of  Austria-Hungary,  if  I 
am  correctly  informed,  a  public  work  to  be  paid  for  out  of  the  Treasury 
of  the  general  Government  must  come  to  that  Government  on  petition 
from  the  Government  of  one  of  the  several  states  or  provinces.  It  will 
be  observed  that  both  in  Austria  and  Prussia  a  safeguard  is  vouchsafed 
the  Treasury  of  the  general  Government,  in  shape  of  a  sort  of  filter, 
through  which  demands  upon  the  Treasury  must  pass  before  they  can  be 
submitted  to  the  houses  of  the  Legislative  Assemblies.  In  Prussia  the 
corps  of  state  civil  engineers,  with  a  Minister  of  Public  Works  at  the 
head,  forms  such  a  restraining,  discriminating  body;  in  Austria  it  is  the 
Government  of  the  several  states  or  provinces,  though  I  am  inclined  to- 
believe  that  it  will  be  found,  on  further  study,  that  in  Austria,  also,  the 
corps  of  state  civil  engineers  perform  a  service  very  much  the  same  as 
that  performed  by  the  same  corps  in  Prussia.  From  what  I  know  of 
public  works  elsewhere  in  Europe,  in  France,  Italy,  Holland,  and  other 
countries,  I  believe  their  organization  for  the  construction  of  public 
works  to  be  very  similar  to  the  comprehensive  system  above  described. 

I  was  warned  by  a  friend  of  mine,  when  I  mentioned  to  him  my  pur- 
pose to  write  upon  the  River  and  Harbor  bills  of  the  United  States,  that 
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the  like  "political"  subjects  had  better  be  eschewed  by  the  writer  of 
papers.  I  trust  I  have  treated  the  subject  in  a  manner  inoffensive  and 
interesting  to  the  members,  to  whatever  political  party  each  one  may 
belong.  I  believe  that  it  constitutes  one  of  the  dangers  of  the  Republic 
when  vital  questions  are  constantly  thought  of,  and  as  constantly  treated, 
after  the  manner  of  stump  oratory,  instead  of  being  humbly  and  dili- 
gently studied  with  a  view  to  seeking  wisdom.  It  is  one  of  its  dangers, 
when  the  mere  current  public  ear  is  sought,  by  our  newspapers  or  by 
our  public  men,  and_upon  being  found,  when  it  is  tickled.  It  is  one  of 
its  dangers,  when  party,  sectional,  and  other  kinds  of  politics  are  not 
recognized  as  such,  and  are  not  constantly  held  distinct  and  aloof,  in  the 
public  mind,  from^a  wise,  sober,  far-seeing  statesmanship. 


I»?  STRENGTH    OF    SOLID    METALLIC    ROLLERS    TO    RESIST 

CRUSHING. 


By  J.  B.  Johnson,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  by  title,  Nov.  19.  1884.] 


The  strength  of  solid  iron  or  steel  rollers  under  swing  bridges,  or  under 
the  movable  ends  of  fixed  spans,  is  variously  given. 

In  thel Transactions  of  the  American  Society  of  Civil  Engineers  for 
1874,  Paper  XCII.,  p.  140,  Charles  Macdonald  quotes  from  the  Journal  of 
German  Engineers  for  April,  1874,  the  following  formula  : 


\A 


where  P  =  total  load  on  cylindrical  roller  ; 
R  —  radius  of  cylinder  in  inches; 

I  =  length  of  roller  in  inches; 
K  =  safe  compressive  stress  per  square  inch. 
E-i  and  E^  =  moduli  of  elasticity  of  the  roller  and  bed-plate  respectively. 
This  may  be  put  in  the  form  : 


=^V 


3    -    '     ^^'{eTeT)^  « 

Professor  Burr  gives  the  equation  : 

P^Rl\/'V^{^-^^)  (2) 

which  is  identical  with  the  above,  except  he  has  the  co-efficient  one 

4 
instead  of  -     and  i2*  in  place  of  R. 

3 

The  specifications  for  the  N.  Y.,  P.  &  O.  R.  R.  give  the  formula*: 

p  =  500  |/  d,    where 

p  =  load  per  foot  of  roUer  and 

d  =  diameter  in  inches. 

This  may  be  written  P  ^  i2  I  ^2R  (3) 

♦  Quoted  by  Prof.  DuBois  in  his  tVamed  Structures,  p.  342. 
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In  the  case  cited  by  Mi\  Macdonald  we  have — 

I  =  3i inches,  B  =  U  inches,  E^^  =  E.^  =  29,000,000. 

Elastic  limit 
K  = ^ =  35,000; 


whence  equation  (1)  gives 

P  =  I Z  V— ^  =  13,900 pounds. 
Equation  (2)  gives 

P=2Rl\/-^  =  12,770  pounds; 
while  equation  (3)  gives 

P=  i2l  ^~2R  =  356  pounds. 

It  would  seem  there  must  either  be  a  mistake  in  quoting  this  formula 
from  the  specifications  of  the  N.  Y.,  P.  &  O.  R.  R.  Co.,  or  else  they  have 
the  inordinate  factor  of  safety  of  about  100,  If  p  were  the  load  per  lineal 
inch  of  roller  in  the  formula  p  =  500  |/  d,  it  would  give  a  factor  of  safety 
of  about  8.  These  rollers  were  made  of  steel  and  did  bear  a  load  of 
27,270  lbs,  each,  and  turned  under  this  load  some  50,000   revolutions 

before  failure.    The  first  two  formulae       .  - , 

give,  therefore,  a  factor  of  safety  of  ,  [ 

about  2.    With  a  larger  radius  the  { _^>rq",'>.  -i^-—- ^ 1 

•second  formula  will  give  relatively  /<-| — l(_i!.;^l  -  -  ^^\ 

larger  results  as  compared  with  the  /.. .  J.. . ;  uy  Ijl  _  x  .  -\ 

first  formula.  f--- 

It  is  proposed  to  develop  a  formula 
which   is    rational  and  which  very            \  . . 
■closely  approximates  the  true  charac-          >  \ 
ter  of  the  strains.  \  

In  the  figure  let  C  be  the  center  of  — ■ ^^^^jLLlilii-^r^'^"''^^^ 1 

a  cylindrical  roller  moving  between  i  -  -  -  -  j 

two  metallic  plates.     The  roller  will  ^ • — -— ~ / 

be  flattened  and  the  plates  will  be  indented.  As  long  as  this  action  is 
within  the  elastic  limit,  it  can  be  computed  when  the  moduli  of  elasticity 
are  known. 

Let  the  line  A  D  B  he  the  line  of  contact  between  the  surfaces.  The 
roller  has  been  compressed  from  A  O  B  and  the  plate  from  A  E  B,  both 
to  the  common  line  A  D  B. 

On  account  of  the  symmetry  of  the  conditions  causing  distortion  on 
the  upper  and  lower  sides  of  the  cylinder,  the  only  undistorted  horizontal 
section  is  that  through  the  center  C.  All  other  sections  are  distorted  as 
shown  in  the  figure.  The  distortion  will  practically  disappear  at  the 
vertical  lines  through  A  and  B,  because  the  distorting  force  has  gradu- 
ally diminished  from  the  middle  vertical  outward  and  becomes  zero  at 
the  outer  verticals.  On  account,  therefore,  of  this  gradual  diminution 
in  the  stress  from  the  center  vertical  toward  A  and  B,  we  may  conceive 
the  region  of  the  cylinder  under  compression  as  made  up  of  a  series  of 
independent  columns,  as  indicated  by  the  dotted  vertical  lines.  In  this 
case  all  shearing  action  is  neglected,  and  only  direct  compression  con- 
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Bidered.     This  very  much  simplifies  the  problem,  and  in  this  case    is 
practically  correct. 

Let  E  =  modulus  of  elasticity  of  the  cylinder. 

Let  El  =  modulus  of  elasticity  of  the  plates. 

Let  p  =  intensity  of  stress  at  any  point  on  A  D  B. 

Let  K  =  equal  maximum  intensity  of  stress. 
=  stress  at  D. 

Let  e  =  distance  A  E  =  E  B. 

Let  R  =  radius  of  roller  in  inches. 

Let  I  =  length  of  roller  in  inches. 

Let  P^  =  total  load  on  roller  one  inch  long. 

Let  P  =  total  load  on  roller  of  length  I. 

Since  E  =  - — r-  we  have 
strain 


K  p 

E  =  OD  =  Vcl  .-.  ocl  =  p  E 
^    E 

R 


R  R 

K  p 

E^  =DE  =  de_  .'.  de  =  p 
R*  R 


E^ 
EE^~ 


0  e 


EE^ 
for  unit  length  along  the  axis  of  roller. 


it  /  o  e  dx  = 


But  /  o  e  dx  =  area  A  0  B  E 
-e 
1 


(1) 


Whence  oe  =p  R  ( — ^r^f-  )  2> 


orp  =  R/E+^X  (3> 

[   EE'  ) 

r+e  .         r+e 

Now  P  =  J  p  dx  =  J  oedx  (4> 

—  e         pf  >     —  ^ 


.  • .  Pi  =  r[^+^  X  area  AOBE  (5) 

\   EE^   J 

If  this  curve  A  O  B  he  taken  as  a  parabola,  which  it  may,  since  0  E  \s 

always  very  small,  compared  with  R,  we  will  have  : 

area  AOBE  =  ^OExEB. 

B\xiOE  =  K  r{^  +  ^^\  from  (2)  by  analogy, 
\     EE^    J 

and  E  B  =  y^R^E  for  parabola, 
r>  a/         IE-{-E^ 


.•.P^=R[^j-y,KRi^^)V;^ESn 

*  The  length  of  the  compression  column  in  the  plates  is  also  assumed  to  be  R. 
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(6) 


or,  for  length  1,  we  have  : 

This,  therefore,  is  the  formula  for  finding  the  resisting  power  of  the- 
roUer.  It  is  similar  to  Prof.  Burr's,  being  obtained  on  the  same  supposi- 
tions, but  with  fewer  approximations  in  the  solution,  and  thus  coming, 
out  with  a  co-efficient  |  in  place  of  unity. 

Any  desired  value  may  be  taken  for  K,  and  if  then  E,  E^,  B  and  I  ar& 
known,  the  value  of  P  is  obtained. 

From  equation  (7)  we  see  that  the  resisting  power  of  the  roller  is  pro- 
portional to  the  radius,  insteid  of  the  square  root  of  the  radius,  as  in  the 
formula  quoted  by  Mr.  Macdonald,  equation  (1),  and  also  in  that  used  irt 
the  N.  Y.,  P.  &  O.  Ry.  specifications,  equation  (3). 

For  conical  rollers  use  the  mean  value  of  R.  This  follows  from  the  fact 
that  in  a  cone  the  radius  varies  uniformly.* 

If  steel  or  wrought-iron  rollers  are  used  between  bed-plates  of  similar 
material,  we  would  have  E^^  =  E.,  (nearly),  and  they  may  be  both  taker*, 
at,  say,  30,000,000  pounds.     Then  equation  (7)  becomes  : 


3  ^     30,000,000  ^^1 


If  the  maximum  intensity  of  pressure  be  taken  at  one-half  the  elastic 
limit,  or  at,  say,  25,000  pounds  for  steel  and  13,000  pounds  for  wrought- 
iron,  then  equation  (8)  becomes  : 

P  =  1,930  i?Z  for  steel  rollers  and  plates,  (9) 

and  P  =  640  Rl  for  ivrought-iron  rollers  or  plates.        (10) 

If  we  have  steel  rollers  on  cast-iron  plates,  then  E2  =  12,000,000,  and! 
K  may  be  taken  as  25,000  for  both  materials;  then 


4    „  ,    .  /_2_(25,000),  8  (42.000.000) 


P  =  ^Rl 


3  ^         360,000,000,000,000 

=  ^  Rl  \/ 3,646,000 
=  2,550  R  I  for  steel  roller  on  cast-iron  beds.  (11) 

If  the  rollers  are  also  of  cast  iron  and  worked  on  cast-iron  beds,  then 


=    g-  i2Z  a/ 1,302,000 
=  S, 0^0  R  I,  for  cast-iron  rollers  and  plates.  (13) 

By  comparing  results  (9),  (10),  (11)  and  (12),  we  see  that  the  best  com- 

Iji ^2 

*  Prof.  Burr,  in  his  treatment,  finds  for  a  conical  roller  that  — — Ri  must  be  used  ii> 

place  of  Rl  in  equation  (2).  Here  R^  is  the  radius  of  the  larger  base,  and  L  and  A  ar& 
the  axial  distances  from  the  apex  of  the  cone  to  the  larger  and  smaller  bases  respec- 
tively.     Our  author   was    probably  unaware  that  his  new  co-efflcient    is   equal    to 

'  "T    "   I,  or  to  the  mean  radius  into  the  length  of  the  roller. 
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bination  is  cast  iron  on  cast  iron,  and  the  poorest  is  wrought  iron  on 
■wrought  iron.  This  results  from  the  fact  that  cast  iron  has  a  low  elas- 
ticity, that  is,  it  is  readily  indented,  and  so  distributes  the  load  over  a 
"wider  surface,  while  at  the  same  time  it  has  a  high  compressive  resist- 
ance. If  we  could  feel  sure  that  our  material  would  not  prove  treacher- 
ous, this  combination  of  cast-iron  rollers  on  cast-iron  beds  would  doubt- 
less give  the  combination  which  would  bear  the  greatest  load  for  a  given 
amount  of  material.  On  account  of  the  uncertainty  in  the  matter  of 
internal  strains  in  the  castings,  it  probably  would  be  best  to  have  the  rol- 
lers of  steel  and  the  bed  plates  of  cast  iron,  then  this  combination  gives 

P  =  2550,  Rl, 
and  we  feel  sure  of  the  material  in  the  rollers,  at  least,  and  these  are  most 
apt  to  fail. 

In  all  the  above  equations  the  maximum  intensity  of  the  stress  on  the 
material  was  taken  at  one-half  the  lowest  elastic  limit  in  the  combination- 

The  reason  why  wrought-iron  plates  and  rollers  give  so  low  a  bearing 
power  (being  only  one-fifth  of  cast-iron  plates  and  rollers,  and  one-fourth 
of  steel  rollers  on  cast-iron  beds),  is  on  account  of  this  material  having  a 
low  elastic  limit  with  a  high  modulus  of  elasticity.  The  maximum 
intensity  of  stress  must  therefore  be  low,  and  the  material  is  not  readily 
distorted,  so  that  the  bearing  surface  is  narrow. 

In  the  case  cited  by  Mr.  Macdonald,  above  referred  to,  we  would  have 
as  the  bearing  power  of  these  several  combinations  : 

Wrought-iron  rollers  and  plates P=  3,360  lbs. 

Steel  rollers  and  plates P=  10,130  " 

Steel  rollers  and  cast-iron  plates P=  13,390  " 

Cast-iron  rollers  and  plates  P=  15,960  " 

The  combination  used  on  that  bridge  was  steel  rollers  on  cast-iron 
plates,  and  the  actual  load  on  each  roller  was  27,270  pounds,  in  place  of 
13,390  pounds,  as  given  by  our  equation.  That  is,  the  combination  was 
worked  up  to  its  elastic  limit  and  failed  after  some  100,000  impositions 
and  removals  of  load. 

Of  course,  it  is  assumed  in  all  this  discussion  that  the  fittings  are  per- 
fect; that  is,  the  plates  bear  uniformly  along  the  entire  length  of  the 
roller.  For  this  purpose  all  surfaces  should  be  carefully  planed  or  turned, 
and  care  taken  in  the  erection  to  bring  them  all  to  the  proper  relative 
positions. 

If  economy  of  material  is  of  less  consequence  than  ease  of  operating,  in 
case  of  a  swing  bridge,  then  the  higher  the  modulus  of  elasticity  the  bet- 
ter, for  the  more  rigid  the  body,  the  less  it  will  compress,  and  the  more 
Jeadily  will  the  rollers  turn  under  their  load.  For  this  purpose  hard  steel 
rollers  and  plates  should  be  used. 


ORIGIN    OF    THE    WORD    TRAMWAY. 


By  Augustine  W.  Wright,  Member  op  the  Western  Society  of  Engineers. 
[Read  December  16,  1884.] 


The  origin  of  the  word  tramway  is  exciting  considerable  interest  at 
Ahe  present  time,  and  our  technical  journals  are  devoting  not  a  little  space 
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to  this  matter.  In  a  recent  communication  to  one  of  them,  I  stated  my 
belief  that  the  word  was  originally  condensed  from  "Trammle."  It  has 
been,  in  my  opinion,  from  ignorance  attributed  to  Outram,  the  name  of 
an  engineer,  by  dropping  the  first  syllable  of  his  name. 

In  the  Engineers  and  Mechanics'  Encyclopaedia,  by  Hebert,  1838,  under 
the  head  "  Railway,"  it  is  stated:  "  The  earliest  account  we  have  of  the 
introduction  of  railways,  is  in  the  Life  of  the  Loi*d  Keeper  North,  from 
which  it  appears  that  about  the  year  1670  they  were  made  use  of  at  New- 
castle-upon-Tyne for  transporting  coals  from  the  mines  to  the  shipping 
in  the  river.  These  railways  were  constructed  of  timber.  It  is  stated  by 
some  authors  that  these  wooden  rails  were  subsequently  improved  upon 
by  making  ledges  at  their  sides  to  prevent  the  wagons  from  going  out  of 
their  tracks  ;  a  form  that  was  subsequently  given  to  them  in  cast-iron 
and  termed  Tram-plates.  *  *  *  The  introduction  of  cast-iron  plates 
having  an  upright  ledge  was  originally  effected  by  Mr.  Carr  at  the  Shef- 
field Colliery,  about  the  year  1776." 

Wood's  Practical  Treatise  on  Railroads  was  first  published  in  1825,  and 
has  ever  since  been  considered  unquestioned  authority  so  far  as  he  goes. 
He  said:  "  Cast-iron  rails,  with  an  upright  ledge  for  the  purpose  of  keeping 
the  wheels  upon  the  line  of  the  former,  were  first  adopted  about  1767. 
In  the  year  1800  we  are  told  that  Mr.  Benjamin  Outram,  an  engineer,  in 
adopting  this  rail  on  the  public  railway  at  Little  Eaton,  in  Derbyshu'e, 
first  introduced  stone  props,  instead  of  tiniber,  for  supporting  the  ends 
and  joining  of  the  rails.  Mr.  Outram,  however,  was  not  the  first  who 
made  use  of  stone  supports,  as  the  late  Mr.  Barnes  employed  them  in 
forming  the  first  railroad  which  was  laid  down  in  the  neighborhood  of 
Newcastle-upon-Tyne,  viz.,  from  Lawson  Main  Colliery  to  the  river,  in 
1797." 

So  far  you  will  notice  that  his  eotemporaries  give  Mr.  Outram  no  credit 
for  any  great  prominence  that  would  warrant  the  application  of  his  name 
to  the  "tramways."  His  only  improvement  appears  to  have  been  the 
application  of  stone  supports  to  take  the  place  of  timber,  and  Mr.  Barnes 
anticipated  him  in  this  idea  hy  three  years.  January,  1849,  the  Civil 
Engineer's  and  Architecfs  Journal  (page  6)  contained  the  following  com- 
munication :  "  Sir  :  In  reading  the  article  on  George  Stephenson,  in  the 
last  number  of  the  Journal,  I  noticed  some  errors  connected  with  the 
description  of  the  Stockton  &  Darlington  Railway  which  I  thought  it 
would  be  well  to  point  out  to  the  writer  of  that  paper,  and  to  endeavor  to 
correct  them  as  far  as  I  am  able.  Speaking  of  the  Stockton  &  Darlington 
Railway,  you  say,  '  This  could  hardly  be  named  more  than  a  tramway.' 
Now,  from  the  very  commencement,  this  line  was  a  veritable  railway. 
It  could  not  properly  be  called  either  a  tramway  or  wagon-way.  In  using 
those  terms,  we  ought  to  be  careful  to  apply  them  according  to  their 
proper  and  genuine  signification,  or  serious  errors  may  eventually  creep 
into  our  descriptions  of  works  of  this  class,  and  which  may  in  course  of 
time  become  perpetuated  and  the  true  meaning  of  the  ^terms  lost.  Like 
railways,  those  three  terms  had  their  birth  among  the  extensive  collier- 
ies of  Durham  and  Northumberland.  The  tramicays  are  used  principally 
under  ground  for  the  purpose  of  conveying  the  coals  from  the  working 
district  of  the  mine  to  the  shaft  up  which  they  have  to  be  drawn.     In 
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•some  of  the  extensive  collieries,  these  tramways  will  extend  for  three  or 
four  miles.  The  gauge  of  the  road  is  about  18  inches.  The  carriage 
■which  runs  upon  this  way  is  a  small  four-wheeled  roily  or  tram  (hence 
the  term  tramway).  Upon  this  carriage  is  placed  the  basket  containing 
the  coals.  Previous  to  the  introduction  of  tramways  and  trams,  barrows 
were  made  for  this  purpose,  the  corf  or  basket  being  placed  on  the  barrow, 
and  a  narrow  flagged  way  for  the  barrows  to  run  on  was  laid  down,  called 
the  barrow-way,  which  term  is  even  yet  in  some  cases  applied  to  the 
more  modern  tramway.  It  is,  perhaps,  150  years  since  the  barrow^  and 
toarrow-way  was  superseded  by  the  tram  and  tramway.  *  *  *  The 
wagon-way  is  used  for  conveying  the  coals  from  the  pit  to  the  ships,  etc. 
*  *  *  After  wagon-ways  came  railways.  *  *  *  From  a  long  resi- 
dence in  the  vicinity  and  particular  acquaintance  with  the  facts,  I  can 
vouch  for  the  correctness  of  my  statements."  I  regret  that  the  above 
was  signed  by  a  nom  de  plume  instead  of  the  writer's  name.  His  defi- 
nitions are  corroborated  by  Smeaton,  who,  in  a  report  to  Lady  Irwin, 
January  27,  1779,  on  the  "Measures  of  Coals  at  Newcastle  and  London," 
Tised  the  following  :  "  And  therefore,  before  the  invention  of  the  New- 
castle rail  or  wagon  roads,  all  the  coals  that  were  carried  down  to  the 
ships  must  have  been  conveyed  on  horses' backs."  And  again  :  "Since 
the  invention  of  coal  wagon-roads." 

The  words  Tram,  Tramway  or  Railway  do  not  appear  in  Samuel  John- 
son's Dictionary.  Worcester  states  in  the  preface  of  his  Dictionary, 
1846  :  "  To  the  words  now  added  to  the  vocabulary,  and  not  found  in 
Todd's  Jolmson,  an  asterisk  has  been  annexed.  Tram  and  Tram-road 
are  so  indicated  and  defined,  the  former  "A  sort  of  four-wheeled  car- 
riage or  wagon,  a  car,"  and  the  latter  "A  road  prepared  for  the  easy 
transit  of  trains  or  wagons,  by  placing  on  its  surface  smooth  beams  of 
timber,  blocks  of  stone  or  plates  or  rails  of  iron,  as  wheel  tracks.  It  is  a 
iind  of  railway  adapted  for  the  passage  of  vehicles  with  wheels  of  the 
ordinaiy  form,  for  the  conveyance  of  wood,  coals,  stone,  etc.  It  is  also 
called  Tram- way  and  Ti'uck-way." 

Gillespie,  in  "  Roads  and  Railroads,"  in  1847,  states  :  "  Subsequently 
these  wooden  rails  were  covered  with  plates  of  iron  ;  but  the  introduction 
of  rails  wholly  of  iron  seems  not  to  have  taken  place  till  1767.  A  pro- 
jection or  flange  on  the  outer  side  of  the  rails  kept  the  wheels  of  carriages 
lipon  them.     They  were  then  called  "  tramways." 

D.  K.  Clarke  in  his  "  Tramways  "  says  :  "  A  tram,  according  to  Nuttall, 
is  the  shaft  of  a  cart  or  carriage.  It  is  also  the  local  name  of  a  coal 
Avagon,  whence  is  derived  the  compound  word  '  tram-ivaij'  or  tram- 
road — a  road  laid  with  narrow  tracks  of  wood,  stone  or  iron,  for  trams  or 
wagons." 

Knight  in  his  Mechanical  Dictionary  states:  "The  name  tram-road 
has  been  fancifully  derived  from  Outram,  but  conies  from  tram,  a  beam, 
and  the  trams  were  the  wagons  which  ran  thereon. 

Mr.  Smiles  in  his  "  Life  of  Stephenson"  has  the  following  :  "In  1800 
Mr.  Benjamin  Outram,  of  Little  Eaton,  Dei-byshire,  used  stone  props 
instead  of  timber  for  supporting  the  ends  and  joining  the  rails.  As  tliis 
plan  was  generally  adopted,  the  road«  became  known  as  '  Outram  roads  ' 
and  subsequently,  for  brevity's  sake,  '  tramroads.'  " 
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Encyclopaedia  Britannica,  under  Railroads,  says :  "  The  rapid  wear  of 
timber  led  to  the  structure  of  cast-iron  to  replace  the  wooden  ones,  and 
being  limited  in  width,  they  were  formed  with  a  continuous  flange  or 
ledge  on  their  inner  edge  to  keep  the  wheels  on  the  track.  The  roads 
were  then  called  '  tram  roads,'  having  been  first  laid  down,  it  was  said, 
by  Outram,  from  whose  name,  omitting  the  first  syllable,  the  word  is 
said  to  have  been  derived.  The  derivation  would  apply  equally  well  to 
the  word  trammel,  the  rail  flanges  being  in  reality  trammels  to  gauge 
the  road  and  confine  (he  wheels." 

Skeat,  in  his  Etymological  Dictionary  of  the  English  Language,  1882, 
states  :  "  Tram,  a  coal  wagon,  a  carriage  for  passengers,  running  on 
iron  rails.  A  tram  is  an  old  Northern  word  for  coal  wagon,  especially 
such  a  one  as  ran  upon  rails.  There  was  an  act  of  Parliament  for  the 
year  1794  for  the  constmction  '  of  an  iron  dram-road,  tram-road  or  rail- 
way '  between  Cardiff  and  Merthyr  Tydvil.  *  *  *  About  A.  D. 
1800,  Mr.  Benjamin  Outram  made  certain  improvements  in  connection 
with  railways  for  common  vehicles,  which  gave  rise  to  the  silly  fiction 
(ever  since  industriously  circulated)  that  tram  road  is  short  for  Outram- 
road,  m  ignorance  of  the  fact  that  the  accent  alone  is  sufficient  to  show 
that  Outram,  if  shortened  to  one  syllable,  must  become  '  Out '  instead  of 

*  ram  '  or  '  tram  ';  beside  which,  Mr.  Outram  was  not  a  coal  wagon.  Yet 
Brecket's  Glossary,  third  edition,  1846,  explain?  that  a  tram  is  the  North- 
«rn  word  for  '  a  small  carriage  on  four  wheels,  so  distinguished  from  a 
sledge.  It  is  used  in  coal  mines  to  bring  the  coals  from  the  hewers  to  the 
cranes.'  The  word  is  clearly  the  same  as  the  Lowland  Scotch.  Tram(l), 
the  shaft  of  a  cart  or  carriage  of  any  kind  ;  (2)  a  beam  or  bar.  This 
notion  is  borne  out  by  the  cognate  Low  G.  Traara,  a  word  particularly 
used  for  the  handles  of  a  wheelbarrow  or  the  handles  by  which  a  kind 
of  sledge  was  pushed.  Bremm  Worberbach,  edition  1771.  J.  H.  Clarke 
notes  that  '  the  amendinge  of  the  highway  or  tram  from  the  weste  ende 
of  Bridgegait  in  Barnard  Castle,' occurs  in  a  will  dated  1555.      Here  a 

*  tram '  probably  means  a  log  road." 

I  trust  the  foregoing  statements  will  convince  you  that  the  so  often- 
accepted  derivation  of  this  word  "tramway"  as  derived  from  Outram 
is  erroneous.  You  have  seen  that  it  was  in  use  two  hundred  and  forty- 
five  years  before  he  introduced  the  stone  props,  and  I  only  wonder  that 
the  statement  attributing  the  word  to  an  abbreviation  of  his  name  has 
ever  been  allowed  to  stand  unchallenged  and  uncontradicted. 

The  word  "  trammle,"  meaning  "  to  confine,  to  intercept,"  as  defined  by 
Samuel  Johnson  in  1755,  is  a  very  old  English  word,  and  I  supposed 
"  tram"  was  derived  from  it  by  dropping  the  last  syllable,  as  the  wagons 
were  confined  to  or  interrupted  by  the  tracks  ;  but  wheresoever  or 
howsoever  the  word  did  originate,  it  was  not  from  Outram. 

An  attempt  has  recently  been  made  to  induce  the  American  public  to 
use  this  word  tramway  in  place  of  street  railway,  and  I.  for  one,  am  glad 
that  the  American  Street  Railway  Association  declined  to  adopt  it. 
Street  railroads  for  passenger  service  originated  in  these  United  States, 
were  known  from  their  inception  as  "  street  railroads,"  and  the  word 
t  ram  way  was  not  applied  to  them  until  their  introduction  into  England 
by  George  Francis  Train  in  1860.  By  all  means,  therefore,  let  us  con- 
ti  nue  the  use  of  our  own  designation  of  street  railroad  I 
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AN  ORIGINAL  METHOD  OF  FINDING  THE  LENGTH  OF  BRACE 
AND  HEIGHT  AND  HALF-LENGTH  OF  ANGLE-BLOCK  IN  A 
PANEL  OF  HOWE  TRUSS  BRIDGE. 


By  William  W.  Redfield,  Member  of  the  Engineers'  Club  of  Minnesota. 


In  the  panel  given,  we  will  assume  the  following  notation:    Let  I  = 

length  of  brace,  b  =  height  of  panel,  a  =  width  of  panel,  c  =  width  of 

c 
brace,  r  =  x*  ^^^  andn  represent  respectively  the  half-length  and  height  of 

the  angle-block,  fd  —  the  angle  that  r  makes  with  a  vertical  hne.     Let 

us  call  —  =  a;,  and  -  =  y,  and  let  x  and  y  be  co-ordinates  of  points  of  a 

curve  which  is  the  locus  for  the  middle  point  of  the  line  c,  and  described 
by  a  radius-vector  r  (=  |c),  and  a  varying  angle  /i  that  said  radius-vector 
makes  with  b. 

To  pass  from  the  rectangular  to  the  polar  co-ordinates,  we  have: 
X  —  r  cos  (i  ;  y  =  r  sin  ft 
for  all  possible  values  of  r  and  (i  in  the  panel  of  the  constant  width  a  and 
height  b. 

By  similar  triangles:     m  \n  -.-.b  —  n  :  a  —  m;    or,  Sa?  :  2?/  : :  &  —  Zy  r 
a  —  2x,  and  2ax  —  4x^  =  2by  —  Ay^. 

.•.  ax  —  2x^  =  by  —  2y^.  (1) 

Substituting  in  (1)  the  above  values  of  x  and  y  we  have  : 
ar  cos  (i  —  2r^   cos^   p  =  br  sin  p  —  2r^  sin^  p,  and  a  —  2r  cos  P  = 

b  tan  p  —  a 
b  tan  P  -  2r  tan  P  sin  p  ;  .:  r  =  oTu^^^sin  p  -  2  cos  P  = 

b  tan  p  cos  P  —  a  cos  P      _    b  sin  p  —  a  cos  p    _ 

2  tan  P  sin  p  cos  p  —  2  cos'^  p        2  sin^  p  —  2  eos'^  p 

b  sin  p  —  a  cos  P 

2  sin^  p  —  2{l  —  sin^p.) ' 

_  b  sin  P  —  a  cos  p 

^  ~      4  sin^~p'—2~  (3) 

which  is  the  polar  equation  of  the  curve. 

a 
Now,  if  /5  =  0,  the  equation  (2)  reduces  to  r  =  -j-   ^  ,  showing  that  the 

brace  coincides  with  the  panel,  and  that  c  =  a,  I  =  b,  and  y  =  0  and  a;  =  r 
_  a 

~'2' 

tan-1  ^ 

If  /j  =  [—  ]  (that is,  the  arc  whose  tangent  is  — ),  then 

ab  ab 


l/a^  -t-  62         ^a^  _|_  58 


^  ~  Aa^  —  2  _  g  ~  2a^j—2b^  =  0  ; 

a«  +  62       -  a^  +  b'a 

and  c=  0 ;  x=  0 ;  y  =  0;l  =  j^^Z^i't,  showing  that  the  brace  has  in  this 

case  no  thickness  and  coincides  with  the  diagonal  of  the  panel. 
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To  find  the  maximum  ordinate  to  the  curve,  we  will  resume  equation  (1) : 
ax  —  2a?*  =  by  —  2^/*.  (1) 

2y^  —  by  =  2x^  —  ax.  (3) 

Differentiating  and  obtaining,   first  diff.  co-efficient  :    4:ydy  —  bdy  — 

Axdx  —  adx;    {Ay  —  h)  dy  =  {4x  —  a)  dx ;  -^  =  j-^-r-. 

Put  this  =  0  .•.  -r~ j-  =  0  ;  \x  —  a  =  0  ;  a?  =  -|-  -r,  when  «  is  a  max- 

\y  —  h  '4  " 

imum. 

Substituting    this   value    of    x    in    equation  (3),  we  have  2?/®  —  by  = 
2a*       a-         2a^  4a^        .     .  ^        „  -  ,  —  2a*      — «* 

T6--  T  =  -w  -  -IT'  ^^^^^^^^'  ^*^-'  ^y  -  ^y  =  -w  =  s- ' 

b       _,b^_  b^  —  a^  &  _  —  /b*  —  a' 

^'    ~    2    ^  + 16  ~        16       '  ^       T~  4  ' 


y  = 


5_4/b3_  a- 


=  value  of  y,  when  x 


a 
4"* 


(4) 


To  find  general  value  of  y  in  terms  of  x  and  a  and  b,  resume  equation  (3). 
2y^  —  by  =  2x^  —  ax.  (3) 

b^      ?)*  ax 

Complete  square  and  reduce,  y~  —  }£  %  +  ?«  —  fa  +  ^"^  —   17  = 


b'-\-  mx^  —  Sax 
16 


16      16 


2 


y--T 


b  _  —  4/  63  _^  I6a;2  —  Sax 


•  '•y 


b  —  \/h^  +  16.T* 


Sax 


(5) 


Now,  if  we  assume  the  following  values  for  x,  we  will  see  that  two  values 


of  ^'equidistant  from  maximum  ordinate  give  the  same  value  of  y  ;  we 
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also  notice  that  the  maximxim  ordinate  is  at  middle  of  curve  ;  and  that 
at  a?  =  0  and  x  =  i  a  —  y  =  0.  All  this  shows  that  the  curve  is  sym- 
metrical with  reference  to  its  maximum  ordinate.  The  following  are 
the  assumptions  in  accordance  with  the  above  : 

y  =  o 

y  =  i  {h-Vh'-Yf^^) 
y  =  i{b-  j/b-'  -  I,  a^) 
y  =  i  {b-  Vh^  -  U  a^) 
y  =  i  (b—  Vb^~  -  f  a^) 
2/  =  i  (6  -  Vh^  -  ff  g^) 
y  =  l  {h-  Vh-'  -  fl  ga) 
y  =  i  {b  —  Vb-'  —  11  g^) 
y  =  i:  (6  —  ^b-^  —  ^) 
We  may  use  the  above  values  for  a  graphic  laying  off  of  the  ordinates, 
as  shown  in  Fig.  2. 

Let  the  figure  represent  a  panel  of  the  height  and  width  b  and  a :  De- 
scribe the  arc  C  E  with  the  radius  b  =  A  C,  ox  A  E.  Lay  off  on  A  B  = 
the  different  distances,  as  obtained  from  the  following  : 


X 

= 

Oa 

or  X  =  i 

a 

X 

= 

A 

a  or  X  — 

i^  a 

33  "■ 

X 

= 

1 

a  or  X  = 

iVa 

X 

= 

3 
3^ 

aor  X  = 

iio^ 

X 

= 

i 

a  or  X  = 

1  a 

X 

= 

A 

aor  X  = 

Ua 

X 

= 

A 

a  or  X  — 

A  a 

X 

= 

-h 

a&r  X  = 

Act 

X 

= 

ia 

■§^ 


.BdSa 


j/15_ 
8     ~ 

4 
4/39 


.48 
.66 


^^  =   .865  I  times  A  B  =  a, 
2  f 

V55^      .92  1 
8 

V}5=  .967 
4 

J^3=.991 

8 

1    =  1.000  j 


Draw  vertical  lines  across  the  arc  CE  to  CD.  The  respective  distances 
from  arc  CE  to  line  CD  measured  on  the  verticals  will  be  the  true 
lengths  of  four  times  the  ordinates  to  the  curve  for  the  different  abscissas 
X  =  aV  a,  etc. ;  and  thus  the  curve  may  be  quickly  constructed.  Now,  if 
any  width  of  brace  be  given,  take  a  radius  equal  to  half  the  width  of 
brace,  and  with  a  center  at  A  (Fig.  1)  describe  an  arc  cutting  the  curve  : 
said  point  is  exact  location  of  center  of  end  of  brace  ;  now  with  same 
radius  describe  arcs  cutting  a  and  b ;  these  will  give  corners  of  the 
brace  or  angle  block. 
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ANNUAL,  REPORT  OF  THE  CHAIRMAN  OF  THE  BOARD  OF  MANAGERS. 
To  the  Association  of  Engineering  Societies : 

In  presenting  the  third  annual  report  of  the  Board  of  Managers,  we  deem  it  a  cause 
for  congratulation  tiiat  the  report  has  been  delayed  beyond  the  appropriate  time  for  its 
appearing,  not  because  the  issues  of  the  Journal  were  behind,  or  the  financial  affairs  of 
the  Association  unsettled  on  the  first  of  November,  1884  :  but  in  order  that  the  announce- 
ment might  be  made  of  the  happy  consummation  of  measures  involving  the  prosperity 
if  not  the  verj^  existence  of  the  Association. 

We  beheve  that  the  most  critical  period  in  the  history  of  the  Association  has  been 
passed  during  the  last  twelve  months,  and  that  it  is  safe  tj  assume  that,  having  survived 
the  dangers  of  infancy,  its  prospects  of  a  strong  and  healthy  growth  and  of  a  career  of 
great  usefulness  are  excellent. 

The  Western  Society  of  Engineers— which  in  the  beginning  became  a  member  of  the 
Association  in  the  face  of  a  strong  opposition,  and  contrary  to  the  judgment  and  voice 
of  many  of  its  worthiest  and  most  influential  members — voted  on  the  4th  of  March  last 
to  withdraw  from  the  Association.  To  enumerate  all  the  reasons  which  lead  to  this 
vote,  would  be  as  impossible  as  it  is  unnecessary  at  this  time. 

While  the  act  of  this  society  in  withdrawing— had  it  been  carried  out— would  not  neces- 
sarily have  been  fatal  in  its  results,  it  would  have  given  the  Association  a  serious  back- 
set, from  which  it  could  scarcely  have  recovered  for  many  years,  if  ever. 

This  injury  has  been  happily  averted — partly  through  the  influence  of  friends  of  the 
Association  belonging  to  other  societies  that  have  never  wavered  in  their  allegiance ; 
partly  through  an  improvement  in  the  manner  and  time  of  issuing  the  Journal  of  the 
Association;  but  largely,  let  us  hope,  through  a  serious  conviction  gaining  ground  that  a 
great  loss  would  have  been  sustained  by  the  society  withdrawing,  as  well  as  by  the  en- 
gineering profession  in  general. 

But  whatever  the  causes  that  have  brought  about  this  cheering  result,  certain  it  is  that 
on  the  16th  of  December  last  the  vote  of  withdrawal  was  rescinded,  virtually  without 
opposition,  and  the  Western  Society  of  Engineers  continues  a  member  of  the  Associa- 
tion without  having  had  its  relations  thereto  disturbed  for  a  single  day. 

This  action  of  the  Western  Society  is  not  the  only  thing  we  have  to  encourage  us. 

On  the  32d  of  May,  1884,  the  Engineers'  Club  of  Minnesota,  located  at  Minneapolis, 
through  its  Secretary,  made  formal  application  to  join  the  Association.  By  subsequent 
action  of  the  Board  it  was  admitted  to  membership.  Mr.  George  W.  Cooley,  of  Minneap- 
olis, was  soon  after  elected  and  installed  manager  for  that  Club. 

On  the  16th  of  December,  1884,  the  Civil  Engineers'  Society  of  St.  Paul  also  voted  to 
make  application  for  membership  in  the  Association.  The  application  having  been 
favorably  acted  upon  by  the  Board,  the  society  at  this  writing  has  been  installed  a  mem- 
ber of  the  Association.  Mr.  C.  J.  A.  Morris,  St.  Paul,  Minn.,  has  been  appointed  a  mem- 
ber of  the  Board  by  that  society.  Each  of  the  two  societies  named  has  about  twenty-six 
members. 

The  Engineers' Society  of  Western  Pennsylvania,  with  a  membership  of  about  280, 
and  having  its  headquarters  at  Pittsburgh,  having  appointed  a  committee  of  five  to 
investigate,  and  report  on  the  question  of  becoming  a  member  of  the  Association,  has  now 
before  it  the  report  of  the  committee,  made  December  16th,  1884,  which  is  unanimous  in 
recommending  that  it  join.  As  the  measure  is  receiving  the  support  of  many 
of  the  leading  members  of  the  society,  we  may  reasonably  hope  for  a  favorable  vote 
thereon.    But  whatever  the  outcome  at  Pittsburgh,  it  is  cause  for  congratulation  that 
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the  subject  is  being  discussed.    It  is  a  matter  of  observation  that  friends  for  the  Asso- 
ciation are  frequently  gained,  v/hile  none  are  ever  lost  by  discussion. 

About  the  first  of  next  May  five  years  will  have  passed  since  the  initiatory  steps  were 
taken  by  the  Civil  Engineers"  Club  of  Cleveland  that  resulted  in  the  organization  of  the 
Association  of  Engineering  Societies,  and  on  the  13  th  of  June  next  it  will  have  been 
four  years  since  the  Board  of  Managers  was  organized.  The  first  issue  of  the  Journal 
was  in  November,  1881.  The  aggregate  membership  of  the  four  societies  then  belong- 
ing to  the  Association  was  40").  The  aggregate  membership  of  the  six  societies  that 
now  belong  is  .550.  Three  volumes  of  the  Journal  have  been  published,  aggregating 
l,n06  pages  of  reading  matter. 

These  are  a  part  of  the  general  record  of  the  Association.  Before  passing  to  the 
specific  record  for  the  last  year,  we  desire  to  review  as  briefly  as  possible  the  objects 
for  which  the  Association  was  founded,  that  we  may  form  an  idea  of  how  nearly  these 
objects  have  been  attained,  and  wherein  they  have  fallen  short.  We  should  also,  if  pos- 
sible, get  our  bearings  with  the  outside  world  of  engineering,  that  we  may  properly  judge 
of  our  relations  thereto,  and  the  light  in  which  we  appear  to  comparative  outsiders. 

An  editorial  article  in  the  American  Engineer,  of  November  14th,  1884,  under  the  title 
of  "Engineering  Societies,"  has  for  a  theme  the  objects  and  functions  of  Associal ions 
of  Engineers  in  general,  particularly  in  their  various  pha«esof  organization  and  develop- 
ment. In  the  course  of  this  article  the  editor  laments  the  fact  that  Associations  of 
Engineers  have  not  been  broadly  based;  that  they  have  limited  themselves  to  narrow 
specialties;  have  followed  when  they  should  have  led ;  and  have  too  frequently  bad  their 
policies  determined  by  cabals.  "  No  one,"  says  the  editor,  "  can  point  with  pride  to  the 
great  American  Association  of  Engineers  specialized  in  sections,  and  localized  in  chap- 
ters; representative,  dignified,  a  powerful  sicial  and  political  unit,  molding  public 
thought,  projecting  great  enterprises,  and  leaving  its  impression  on  legislation."'  *  * 
*  *  *  *  "  In  foreign  countries  great  centralized  bodies  have  grown  up  simply  for 
the  reason  that  distance  is  no  bar  to  occasional  attendance  at  meetings,  or  the  evils  of  a 
majority  non-resident  membership  are  not  seriously  encountered.  In  this  country  of 
immense  distances  this  evil  early  appeared.  Its  normal  correction  demands  a  chapter 
orgranization,  with  a  style  of  government  adapted  thereto.  Sinister  council  has  pre- 
vailed, and  no  remedy  appearing,  the  foundation  of  Engineering  Clubs  in  every  place 
where  twenty  could  assemble  has  resulted." 

The  editor  admits  that  the  city  clubs  have  developed  a  glimmering  of  an  idea  in  a 
joint  publication,  which,  pursued  to  full  purpose,  might  develop  the  chapter  plan. 

Some  of  the  judgments  of  this  article  may  have  been  hastily  f  ormulal  ed, while  others  are 
doubtless  tinctured  with  journalistic  notions,  with  which  few  but  professional  journalists 
would  agree.  But  whatever  its  faults,  we  believe  it  to  be  generally  free  of  undue  bias,  and 
that  its  general  conclusions  are  sound.  Coming  from  the  source  it  does,  it  is  entitled  to 
consideration,  and  particularly  so  as  the  author  has  had  the  courage  to  say  aloud  what 
has  seldom  obtained  utterance  above  a  breath. 

Being,  as  we  believe,  comparati^'ely  unfamiliar  with  the  history  of  the  Association  of 
Engineering  Societies,  the  author  has  naturally  failed  to  grasp  the  whole  truth  relative 
to  that  Association  in  the  real  manner  in  which  it  is  present  in  the  minds  of  those  better 
acquainted  with  its  past. 

For  the  sake  of  historic  truth  the  following  summary  of  facts  are  here  recorded  : 

That  the  Association  of  Engineering  Societies,  in  its  present  outward  form,  was  not 
in  the  beginning  considered  the  highest  ultimate  achievement  to  be  aimed  at,  is  shown 
by  the  preliminary  avowal  that  heads  the  Articles  of  Association  :  "  For  the  purpose  of 
securing  the  benefits  of  closer  union  and  the  advancement  of  mutual  interests,  the 
engineering  societies  hereto  subscribing  have  agreed  to  the  following  articles  of  asso- 
ciation.'" 

Also  by  the  following  from  Article  1,  under  name  and  object:  •' Its  pc/»!arf/ object 
shall  be  to  secure  a  joint  publication  of  the  papers  and  transactions  of  the  participating 
societies."' 

The  meeting  held  in  Chicago  December  4th,  1880,  at  which  these  articles  were  drawn, 
was  dominated  wholly  by  the  idea  that  nothing  should  be  embodied  in  the  articles  that 
could  possibly  engender  a  narrow  policy;  or  that  could  in  any  way  interfere  wich  a  free 
and  full  development  of  the  Association  in  any  direction  which  the  future  might  mark: 
out  as  desirable.  At  the  same  time  it  was  the  general  conviction  that  only  on«  step 
could  be  safely  taken  then,  and  that  the  primary  object  should  be  a  joint  publication. 
The  secondary  object  was  no  less  real   because  it  was  omitted  from  the  articles. 


PROCEEDINGS.  i2S 

It  was  the  avowed  determination  of  the  meeting  not  to  attempt  the  impossible  and  so 
far  as  its  power  and  wisdom  would  allow,  to  steer  clear  of  breakers  then  in  sight. 

In  the  discussion  that  preceded  the  adoption  of  the  articles  of  association  by  some  of 
the  individual  societies,  arguments  in  the  affirmative  were  largely  ba^ed  upon  the  broader 
idea. 

In  the  historical  sketch  given  of  the  Association,  in  the  first  number  of  the  first 
volume  of  the  Journal,  will  be  found  these  words  : 

"The  Association  has  been  called  into  being  by  no  narrow  spirit.  Many  of  its  pro- 
moters believe  that  local  engineering  societies  should  be  established  and  fostered  in 
every  centre  of  population  where  the  engineering  profession  is  sufficiently  strong  to  sup- 
port one  :  thus  bringing  each  member  within  the  easiest  possible  reach  of  his  society. 
They  also  believe  that  these  local  societies  should  be  brought  into  affiliation  by  some 
Association  with  a  wider  sphere  of  action,  by  means  of  which  common  purposes  may  be 
executed,  and  through  which  their  energies  may  be  stimulated  to  high  professional 
aims. 

"  While  many  have  been  actuated  by  this  broad  spirit,  the  co-operation  of  these 
widely  separated  societies  has  been,  perhaps,  mainly  stcured  through  a  desire  to  effect 
an  intercbange  of  professional  papers.  To  this  desire  the  first  number  of  the  journal  of 
the  Association  maybe  said  to  owe  its  origin. 

"  May  we  not  hope  that  this  act  of  co-operation  is  merely  the  initial  stage  in  the  devel- 
opment of  an  organization  from  which  more  than  the  interchange  of  papers  will  be 
realized,  and  for  which  we  may  reasonably  predict  a  great  futm'e. 

"  We  surely  indulge  the  belief  that  the  articles  of  association  were  not  only  begotten 
in  a  generous  spu-ir,  and  are  not  only  founded  upon  correct  principles,  but  that  they 
possess  sufficient  vitality  and  adaptability  to  permit  growth  in  any  direction  which 
experience  may  indicate  as  desirable  ;  that  by  wise  counsel,  and  the  cultivation  of  a  pro- 
fessional esprit  de  corps,  an  organization  will  ultimately  be  evolved  from  this  beginning 
which  will  perform  a  work  not  now  being  done  by  any  association  in  the  land  ;  a  work 
beneficial  to  the  participating  societies,  as  societies,  and  to  every  engineer  who  desires 
a  better  tone  and  higher  standing  for  the  engineering  profession." 

Again,  in  the  second  annual  report,  attention  is  drawn  to  the  subject  by  the  statement 
that,  "  a  confederation  of  engineering  societies  which  would  be  one  in  fact  as  well  as  in 
name,  should  be  the  outgrowth  of  the  Associauon." 

Indeed  it  can  be  truthfully  said  that  your  Board  of  Managers  has  constantly  kept  the 
fuller  and  broader  ideal  in  view. 

If  at  any  time  it  has  seemed  to  be  obscured,  it  has  been  because  of  the  necessiiyof 
making  sure  of  that  which  has  already  been  accomplished,  by  so  conducting  the  affairs 
of  the  Association  as  to  place  it  upon  an  impregnable  foundation,  if  such  a  thing  be 
possible. 

It  is  no  easy  matter  to  map  out  a  practicable  plan  for  a  National  Association  of  Engi- 
neers. It  is  not  however  difficult  to  give  some  of  the  general  characteristics  which  such 
an  association  should  undoubtedly  possess,  and  to  conjecture  some  others  with  reason- 
able assurance. 

Our  conjectures— if  we  may  be  allowed  to  indulge  the  fancy— would  run  somewhat  in 
this  wise  : 

A  National  Association  of  Engineers  should  be  sufficiently  comprehensive  to  gather 
into  its  fold  all  the  scattered  and  diverse  elements  of  the  engineering  profession,  in 
every  branch,  which  are  now  struggling  for  some  sort  of  organization.  To  do  this  we 
must  adopt  the  chapter  plan  or  some  one  nearly  aUied  to  that  plan.  It  would  also  need 
to  be  organized  in  sections,  or  groups,  which  would  probably  with  propriety  extend  to 
the  various  chapters,  as  well  as  to  the  parent,  or  central,  organization.  Into  these  sec- 
tions, or  groups,  would  be  thrown  sjjecial,  or  allied  branches  of  engineering. 

It  would,  perhaps,  in  many  respects  model  its  meetings — which  would  be  annual- 
after  those  of  the  American  Association  for  tlie  Advancement  of  Science.  In  fact,  both 
in  organization,  and  in  the  manner  of  conducting  meetings,  it  would  imitate  in  many 
respects  the  Science  Association.  It  would  have  chapters— corresponding  to  our  local 
societies  in  all  centres  of  population  where  sufficient  members  could  be  obtained  to  sup- 
port one.  These  chapters  should  be  quite  free,  and  as  nearly  independent  as  consistent 
with  general  interests.  They  would  be  hampered  only  by  certain  broad  rules  that  could 
be  made  general  in  their  application. 

There  would    probably    be  two    classes   of    membership,    viz. :«  Membership  in  the 
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central  society,  and  membership  in  thie  chapters  to  which  different  qualifications  woul 
be  attached.  That  in  the  chapters  at  least  would  be  probably  as  broad  as  that  to  any 
of  our  local  societies.  This  National  Association  would  imitate  the  Association  of 
Engineering  Societies  in  publishing  monthly  the  matter  furnished  by  the  various 
chapters  or  sections.  To  this  publication  would  probably  be  superadded  an  annual 
publication  containing  the  proceedings  of  the  annual  meeting  and  the  papers  read 
thereat.  These  are  mere  suggestions  covering  a  few  of  the  features  that  it  seems  to  us 
a  national  association  should  possess. 

Is  the  dream  of  such  an  association  Utopian  ?  Some  will  say  yes,  though  we  believe  it 
is  not.  That  it  may  be  slow  in  taking  shape,  all  will  readily  admit.  There  are  so  many 
special  and  conflicting  interests  that  must  be  removed  or  harmonized;  there  is  so  much 
inertia  to  be  overcome  in  the  engineering  profession,  and  particularly  in  older  and 
stronger  societies,  that  we  need  not  be  surprised  to  find  it  a  matter  of  slow  growth. 

Can  the  American  Society  of  Civil  Engineers,  the  AmericanSociety  of  Mechanical  Engi- 
neers, the  Institution  of  Mining  Engineers,  the  Civil  Engineers'  Club  of  Philadelphia,  and 
other  similar  associations,  be  induced  to  practice  sufficient  self-renunciation  to  make  such 
a  thing  possible  ?  What  the  answer  to  this  question  will  be,  time  alone  can  tell;  we  will 
not  presume  to  conjecture. 

These  propositions  alone  are  clear  : 

1st.  In  a  country  so  vast  as  this,  with  such  unlimited  industrial  capacity,  that  is  des 
tined  to  have  a  population  of  100  millions  in  a  comparatively  short  time,  no  association 
can  be  considered  national  that  does  not  cultivate  local  societies  or  chapters  of  some 
kind,  and  make  itself  broad  enough  to  embrace  all  branches  of  engineering  science  and 
practice. 

2d.  Until  the  older  and  stronger  societies  can  have  the  fortitude  to  co-operate 
with  each  other,  and  with  the  Association  of  Engineenng  Societies,  either  in  the  forma- 
tion of  a  new  organization  upon  a  more  liberal  basis,  or  in  remolding  an  existing;  one 
to  meet  the  requirements,  the  Association  of  Engineering  Societies  will  remain  the 
nearest  approach  to  a  national  association  possible. 

3d.  Such  being  the  case,  it  should  be  fostered,  strengthened  and  broadened  in  every 
possible  manner,  as  the  forerunner  of  better  things,  as  the  one  bond  of  unity,  to  frater 
nizeand  educate  the  dis.iointed  fragments  of  the  engineering  profession  and  hold  them  in 
readiness  to  aid  the  larger  organization  in  its  advent. 

For  these  reasons  as  much  as  for  the  passing  benefits— which  are  not  to  be  ignored— do 
we  urge  upon  you  and  engineers  generally  the  importance  of  maintaining  the  Associa- 
tion of  Engineering  Societies  in  a  liberal  state  of  expectancy. 

Indeed,  the  time  may  have  arrived  when  a  move  in  the  direction  of  a  closer  union 
among  ourselves  would  be  opportune.  Should  the  Society  of  Western  Pennsylvania, 
with  its  280  members,  be  added  to  our  list,  it  will  certainly  entitle  us  to  take  a  leading 
position  upon  this  or  similar  questions,  should  the  several  participating  societies  favor 
the  proposed  move,  whatever  it  may  be. 

A  meeting  of  the  Board  of  Managers  was  held  in  New  York  on  September  4, 1884,  the 
minutes  of  which  were  published  in  No.  12  of  vol.  III. 

In  the  same  issue  was  printed  an  announcement  of  one  of  the  principal  measures 
decided  upon  by  the  Board  at  that  meeting,  viz.:  The  purpose  of  publishing  in  the 
Journal  an  index  of  fragmentary  engineering  literature,  such  as  reports,  engineering 
papers,  etc.  In  explanation  of  this  move,  it  may  be  said  that  it  only  carries  out,  in  one 
form,  a  purpose  contemplated  by  the  Articles  of  Association,  which  was  to  be  instituted 
by  the  Board  at  such  time  as  it  should  consider  proper.  It  may  also  be  said  that  it  is 
resorted  to  in  the  hope  of  being  able  to  at  least  partly  accomplish  a  work  which  is  in 
great  need  of  being  done  by  some  one.  The  various  fields  of  engineering  science  and 
practice  are  rapidly  enlarging,  and  the  channels  multiplying  through  which  these  find 
publicity.  Most  engineers  are  wholly  unable  to  obtain  or  examine  these  numerous 
sources  of  information,  that  they  may  cul!  from  the  mass,  the  matter  of  service  to  them 
in  their  work.  Hence  those  who  are  trying  lo  keep  abreast  of  the  profession  in  their 
several  specialties,  will  appreciate  any  means  that  will  enable  them  to  gain 
an  idea  of  current  American  engineering  literature  of  this  fragmentary  character. 
Prom  the  list  that  will  be  published  every  month,  each  person  can  select  those  items 
of  special  interest  to  himself,  and  preserve  them  in  such  manner  as  he  may  desire.  Or 
he  may  arrange  the  whole  year's  issue  at  the  end  of  the  year  in  alphabetical  order,  to 
be  bound  with  the  volume  or  not,  as  he  may  choose.  As  they  are  to  appear  every 
month,  it  is,  of  course,  impossible  to  carry  the  alphabetical    arrangements  bejond  the 
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month  s  issue.  Tofacilitate  the  preservation  of  the  indexes  to  suit  the  individual  reader, 
they  are  to  be  printed  on  hut  one  side  of  the  paper.  No  attempt  will  be  made  to  index 
literature  now  in  existence,  except  such  as  is  very  recent,  nor  to  index  decidedly 
technical  documents,  of  iuterest  only  to  a  special  few,  who  are  probably  already  in 
possession  of  the  matter  itself. 

The  object  of  the  Board  in  preparing  this  Index,  is  therefore  not  so  much  to  furnish  a 
comijlete  index  of  all  engineering  literature,  as  to  place  before  the  readers  of  the  Jour- 
nal such  papers  and  reports  of  value  as  might  otherwise  escape  them .  It  is  expected  to 
be  more  than  a  mere  compilation  of  titles,  as  the  title  is  usually  to  be  followed  by  a 
descriptive  note  conveying  some  idea  of  scope  and  value. 

This  indexing,  of  course,  involves  a  good  deal  of  exacting  labor,  and  could  not  have 
been  attempted,  had  not  Prof.  J.  B.  Johnson,  of  Washington  University,  the  member  of 
the  Board  for  the  St.  Louis  Club,  volunteered  to  do  it  as  a  labor  of  love.  He  is  better 
•enabled  to  do  it  than  others,  as  he  finds  that  the  research  involved  is  somewhat  in 
the  line  of  his  professional  duties. 

There  has  been  no  change  in  the  personal  of  the  Board,  or  of  Its  ofl&cers,  since  the 
issue  of  the  second  annual  report,  except  that  due  to  the  admission  of  the  Engineers' 
Society  of  Minnesota  and  the  Civil  Engineers'  Society  of  St.  Paul,  which  has  already 
been  noted. 

There  have  only  been  nine  Issues  of  the  Journal  diu-ing  the  year,  the  first  six  numbers 
having  been  consolidated  into  three  issues.  This  was  done  in  pursuance  of  the  policy 
adopted  last  year,  because  of  a  deficiency  of  material  for  a  monttily  issue. 

For  the  last  seven  months  there  has  been  no  dearth  of  matter,  and  the  indications  are 
that  there  will  not  be  soon. 

The  Board  had  2,000  copies  of  No.  12  of  vol.  III.  printed  and  Uberally  distributed 
among  members  of  societies  not  belonging  to  the  Association. 

At  the  end  of  volume  III.  of  the  Journal,  the  number  of  copies  taken  by  the  severa 
societies  was  as  follows  : 

Boston  Society  of  Civil  Engineers 120 

Western  Society  of  Engineers 136 

Engineers' Club  of  St.  Louis Ill 

"Civil  Engineers'  Club  of  Cleveland..   130 

E  ngmeers'  Society  of  Minnesota 27 

Total 524 

At  the  end  of  the  second  volume  it  was  460,  a  gain  of  64. 

Bui'ing  the  year  assessments  to  the  amount  of  $2.50  per  copy  have  been  levied  and 
collected  in  two  installments  of  $1.50  and  $1  respectively. 
The  expenditures  of  the  Association  for  vol.  III.  are  as  follows  : 

Composition,  press  work,  paper,  biudi/ig  and  mailing  $998.63 

Engraving 360.97 

Miscellaneous  expenses 176.71 

Postage 45.87 

Salary  of  Secretary  262.53 


Receipts : 

Cash  balance $254.25 

Boston  Society  of  Civil  Engineers 288.00 

Western  Society  of  Engineers 338.00 

Engineers'  Club  of  St.  Louis 229.20 

Civil  Engineers' Club  of  Cleveland 320.50 

Engineers'  Club  of  Minnesota 37.00 

Advertising 271.75 

Sales  and  subscriptions 75.25- 


L,844.71 


1,814.25 

Leaving  a  deficiency  of $30.46 

There  was  due  for  advertising $259.25 

Up  to  the  end  of  volume  III.  assessments  aggregating  $9.00  per  copy,  distributed 
a,mong  the  several  societies,  in  addition  to  the  entrance  fees,  have  been  paid.  Credited 
to  the  societies,  the  amounts  are  as  follows  : 

Entrance  Fee 

Boston  Society  of  Civil  Engineers $44 .  00 

Western  Society  of  Engineers 63 .  00 

Engineers'  Club  of  St.  Louis 31.00 

Civil  Engineers'  Club  of  Cleveland 42 . 50 

Engineers'  Club  of  Minnesota 13.00 

Totals $193.50 


$1,004.00 

1,245.50 

688.50 

957.50 

24.00 

$1,048.00 

1,3C8.50 

719.50 

1,000.00 

37.00 

$3,919.50 

$4,113.00 
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The  average  number  of  copies  of  the  Journal  taken  by  the  societies  for  three  years- 
is  433,  which  makes  the  average  cost  to  the  societies  per  copy  per  volume  $3.36, 
without  allowing  for  the  deflciency,  the  amount  due  for  advertisements,  or  extra  copies 
of  the  Journal  on  hand.    This  cost  is  exactly  the  same  as  at  the  end  of  vol.  II. 

If  we  consider  the  copies  of  the  Journal  on  hand  as  assets,  these  would  have- 
stood  on  the  first  of  last  November  as  follows  : 

12  sets  of  Vol.  1 $3.00  $  36.00 

135    "    "      "    2 2.50)  337.50 

145    "    "     "    3 2.50  362.50 

Advertisements  due 259.25 

$995.25. 

Less  deflciency 30.46- 

Total  assets $965.7a. 

The  increase  over  last  year  of  the  amount  charged  to  miscellaneous  expenses  in  the 
financial  statement,  is  largely  due  to  the  expense  of  the  meeting  of  the  Board  of  Man. 
agers  held  in  September. 
Eespectfully  submitted  on  behalf  of  the  Board  of  Managers, 

Benezette  Williams,  Chaiiman. 
Chicago,  Jan.  12,  1885. 
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December  17,  1884:— The  Club  met  at  Mercantile  Club  at  8  p.  m.,  thirty-five- 
membei's  being  present.  The  reading  of  the  minutes  was  dispensed  with,  as  they 
had  been  printed  and  sent  to  all  members.     They  were  approved  as  printed. 

The  report  of  the  Executive  Conmiittee  on  the  canvassing  of  the  letter  ballot  for 
officers  for  the  ensuing  year  was  read.     The  vote  stood  as  follows  : 

For  President,  Robert  Moore,  4.5  ;  C.  M.  Woodward,  23. 

For  Vice-President,  Robert  E.  McMath,  67  ;  W.  B.  Potter,  2. 

For  Secretary,  T.  D.  Miller,  65  ;  Howard  Constable,  1  ;  F.  H.  Pond,  .3. 

For  Treasurer,  M.  L.  Hohnan,  69. 

For  Librarian,  J.  B.  Johnson,  69. 

i^'orZJirec^ors,  C.  M.  Woodward,  46;  F.  H.  Pond,  11;  T.  J.  Whitman,  47;: 
Robert  Moore,  4  ;  Theodore  Allen,  14  ;  Howard  Constable,  12. 

The  President  declared  Messrs  Robert  Moore,  President;  Robt.  E.  McMath,. 
Vice-President ;  T.  D.  MUler,  Secretary ;  M.  L.  Holman,  Treasurer ;  J.  B.  John- 
son, Librarian ;  C.  M.  Woodward  and  T.  J.  Whitman,  Directors,  as  duly 
elected. 

Messrs.  Potter,  Flad  and  Pond  were  appointed  a  committee  and  escorted  the 
newly-elected  President  to  the  chair. 

Committee  on  printing  reported  with  copies  of  the  new  Constitution  and  By- 
laws, and  were  discharged. 

The  Secretary  was  instructed  to  mail  copies  of  the  Constitution  and  By-laws  to- 
the  members. 

Retiring  President  Woodward  read  an  address,  giving  a  sketch  of  the  life  and 
works  of  the  late  Prof.  C.  A.  Smith. 

The  resignation  of  Mr.  Jos.  Hill  was  read  and  accepted.  The  following  gentle- 
men were  proposed  for  membership:  J.  C.  Meredith,  by  J.  A.  Sedden  and  H.  W.. 
Baker;  O.  L.  Petitdidier,  by  J.  A.  Sedden  and  H.  W.  Baker;  S.  F.  Bm-uer,  by  M. 
L.  Hohnan,  Ed.  Flad  and  C.  M.  Woodward ;  Geo.  A.  Brown,  by  J.  B.  Johnson, 
and  C.  C.  Brovsna ;  T.  G.  Lansden,  by  J.  B.  Johnson  and  Jno.  Sobolewski ;  J.  B.. 
Clements,  by  Hubert  Taussig  and  Carl  Gayler. 

A  paper  by  Mr.  J.  A.  Ockerson,  entitled  "  The  Eai'lier  Floods  of  the  Lower  Mis- 
sissippi," was  i-ead  by  Mr.  J.  B.  Johnson,  and  was  generally  discussed. 

Mr.  J.  B.  Johnson  then  read  a  paper  on  the  failure  and  collapse  of  the  large  gas- 
holder of  the  St.  Louis  (las-Light  Co.     Genei'al  discussion  followed. 

lAdjourned.'\  Thos.  D.  Miller.  Sec'y.. 
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January  7,  1885  : — The  club  was  called  to  order  at  8  o'clock  by  President 
Moore,  thirty-five  members  and  six  visitors  being  present. 

The  minutes  of  the  last  meeting  were  read  and  approved.  The  report  of  the 
Executive  Committee  was  read  and  approved. 

The  following  gentlemen  were  imanimously  elected  members  of  the  Club  :  A.  P. 
Man,  W,  L.  Breckenridge,  J.  C.  Meredith,  O.  L.  Petitdidier,  S,  F.  Bm-net,  G.  A. 
Brown,  T.  G.  Lansden  and  J.  B.  Clements. 

The  President  appointed  the  following  committee  on  Synoke  Prevention  :  Prof. 
Wm.  B.  Potter,  chaii-man  ;  Messrs.  W.  H.  Alldeidice,  Theodore  Allen,  H.  Con- 
stable, F.  H.  Pond  and  C.  E.  Jones. 

Mr.  J.  B.  Johnson  stated  that  the  St.  Paul  Engineers'  Club  had  been  admitted  Uy 
the  Association  of  Engineering  Societies,  and  that  the  Engineers'  Society  of  West— 
ern  Pennsylvania,  of  Pittsburgh,  were  considering  the  question  of  joining  the 
Association. 

On  motion  the  Secretary  was  instructed  to  commmiicate  with  the  membei's  of 
the  Club,  and  ascertain  the  number  desirtug  membership  in  the  Mercantile  Library 
for  the  ensuing  year. 

Mr.  C.  W.  Clark  was  proposed  for  membership,  recommended  by  Messrs.  J.  A.. 
Ockerson  and  Robt.  E.  McMath. 

Mr.  Jno.  A.  Sobolewski  read  a  paper  on  "Economy  in  Gas-Engines."  In  the 
general  discussion  which  followed,  he  said  that  the  economy  consisted  in  the  absence 
of  skilled  labor,  the  cleanliness  of  the  machines,  the  ease  with  which  they  are 
started,  and  the  absence  of  risk  from  fire  ;  also  that  the  gas  bills  were  ninety-nine 
per  cent,  of  the  cost  of  operation. 

Mr.  C.  T.  Aubin  read  a  paper  on  "  Protection  Against  Fire  and  Means  of  Ex- 
tinguishing Same. " 

On  motion,  the  privilege  of  the  floor  was  extended  to  Mr.  H.  Clay  Sexton,  Chief 
of  Fire  Department.  He  thought  many  of  our  large  buildings  were  built  for  noth- 
ing but  to  burn  down,  that  the  extent  of  some  of  our  fires  was  not  the  fault  of  the 
firemen,  but  the  fault  of  the  men  who  construct  the  buildings,  and  the  carelessness 
of  those  who  occupy  them. 

General  discussions  followed. 

Moved,  that  a  committee  of  five  be  appointed  to  investigate  the  matter  of  indicat- 
ing the  location  of  fire-alarm  boxes  by  colored  glass  in  the  street  lamps,  or  other- 
wise, and  report  at  the  next  meeting. 

It  was  thought  that  the  question  was  not  in  the  province  of  the  Club,  and  the' 
motion  was  lost. 

[Adjourned.'^  Thos.  D.  Miller,  Secretary. 
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January  6,  1885  :— The  200th  meeting  was  held  at  4  p.  m..  President  Cregiei'" 
in  the  chair. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

Upon  ballot  the  following  gentlemen  were  elected  Members  :  Charles  P.  Mat- 
lack,  City  Engineer,  San  Antonio,  Texas,  and  Ralph  E.  BrowneU,  City  Engineer, 
Lake,  Illinois. 

Mr.  WiUiams,  Manager  for  this  Society  in  the  Association  of  Engineering  Socie- 
ties, presented  a  bill,  which  was  ordered  paid,  for  $1  a  copy  on  each  number  of 
the  Journal  taken  by  the  Society,  amounting  to  $136. 

Mr.  Liljencrantz  read  a  letter  from  the  publisher  of  Engineering  to  the  effect 
that  this  jomTial  would  be  furnished  free  to  the  Society  for  the  yeeir  1885.  A  vote 
of  thanks  was  passed  to  the  publisher  of  Engineering. 

On  motion  of  Mr.  Wright  it  was  voted  that  the  President  to  be  elected  at  this^. 
meeting  be  requested  to  revise  the  Standing  Committees  of  the  Society. 
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The  Secretaiy  presented  a  letter  of  resignation  from  Mr.  Greeley,  giving  certain 
reasons  for  withdrawal. 

It  was  voted  that  Mr.  Greeley's  reasons  were  not  satisfactoiy  and  that  his 
resignation  be  not  accepted,  and  that  the  Secretary  be  instnicted  to  request  him  to 
withdraw  it. 

The  resignation  of  Mr.  R.  E.  Farnham  was  read  and  accepted. 

The  Annual  Repoi-t  of  the  Secretary  was  read  and  afterwards  accepted  and 
approved. 

Upon  ballot  for  officers  the  following  were  elected  : 

President,  Benezette  Williams  ;  First  Vice  President,  Octave  Chanute  ;  Secona 
Vice-President,  Samuel  McEh'oy  ;  Secretary,  L.  P.  Morehouse  ;  Treasurer,  Charles 
Fitz  Simons  ;  Librarian,  G.  A.  M.  Liljencrantz  ;  Trustee,  A.  W.  Wright. 

President  Cregier  made  a  brief  address,  after  which  the  meeting  adjom-ned. 

L.  P.  Morehouse,  Secretary. 

Note. — Minutes  for  December  2,  1884,  as  printed,  should  be  corrected  to  show 
api^lication  for  membership  by  Mr.  Ralph  E.  BrowneU,  Chief  Engineer  Town  of 
Lake,  lU. ,  endorsed  by  Messrs.  Randolph,  Cregier  and  Wiight. 


ANNUAL  REPORT  OF  SECRETARY  FOR  YEAR  1884,  PRESENTED  JANUARY  6,  1885. 

During  the  year  33  meetings  have  been  held  and  19  papers  have  been  presented, 
as  follows: 

I.  The  Rasmusen  Cable  System,  as  applied  to  Street  Railways,  by  A.  W. 
Wright. 

3.  Lateral  System  for  Iron  Pratt  Truss  Highway  Bridges,  by  J.  A.  L.  Waddell. 

3.  Electric  Motors,  by  A.  W.  Wright. 

4.  Track  Problems,  by  A.  W.  Wright. 

5.  The  National  Electric  Signal,  by  Isham  Randolph. 

6.  Location  of  the  Northern  Pacific  Railway  Across  the  Rocky  Mountains,  by 
I.  C.  Chesbrough. 

7.  The  Weehawken  Elevator,  by  W.  H.  Lotz. 

8.  A  Problem  in  Curves,  by  A.  W.  Wright. 

9.  The  Proper  Sub-Division  of  a  FiiU  Government  Quarter  Section,  by  Z.  A. 
Enos. 

10.  Memorial,  G.  Burt  Lake,  by  the  Secretary. 

II.  Duty  Test  of  a  Cast  Iron  Boiler,  by  W.  S.  Bates. 

IS.  New  Union  Passenger  House  of  Chicago  &  Western  Indiana  Railway  Com- 
Ijany,  by  Isham  Randolph. 

13.  Stable  Consti-uction,  by  A.  W.  Wright. 

14.  Gaseous  Fuel,  by  John  Zellweger. 

15.  Sti'eet  Railway  Joints,  by  A.  W.  Wright. 

16.  Memorial,  Alexander  Wolcott,  by  E.  A  Fox. 

17.  An  Interlocking  Switch  and  Signal  Apparatus,  by  Isham  Randolph. 

18.  Compressed  Air  and  other  Systems  for  Propulsion  of  Railway  Cars.  (Dis- 
cussion.) 

19.  The  Origin  of  the  Word  "  Tramway,"  by  A.  W.  Wright. 

The  following  named  gentlemen  have  been  admitted  to  membership  : 

Ferdinand  Hall  [Associate],  George  E.  Pahner,  George  R.  Bramhall,  John  A. 
Porter,  William  O.  Winston,  John  Saltar,  Jr. 

By  du-ection  of  the  Society,  a  circular  dated  February  8,  was  issued,  requesting 
members  to  send  each  an  autobiographical  sketch  on  a  printed  form,  in  response  to 
which  46  repUes  have  been  received.  It  is  for  the  Society  to  determine  what  use 
shall  be  made  of  the  interesting  material  contained  in  these  papers.  Members  who 
liave  not  yet  filled  out  these  forms  will  be  reminded  by  this  notice  of  their  delin- 
iquency  in  this  resjx^ct. 

In  answer  to  the  circular  of  April  7,  requesting  photcgraj  h  likenesses,  17  photo- 


PROCEEDINGS.  129 

-graphs  have  been  received.  A  handsome  album  has  been  purchased,  and  it  is  hoped 
that  each  member  who  has  not  ah-eady  sent  his  picture  will  forward  it,  without 
delay,  to  complete  the  collection. 

Several  amendments  to  the  Constitution  and  By-Laws  have  recently  been  made, 
all  with  a  view  to  enlarge  the  scope  and  add  to  the  efficiency  of  the  Society. 

The  question  of  remaining  a  member  of  the  Association  of  Engineering  Societies 
has  been  thoroughly  and  warmly  discussed,  but  the  present  sentunent  appears  to 
be  nearly  unanimous  that  we  should  retain  our  connection  with  the  Association. 

The  total  amount  jiaid  by  us  to  date  to  the  Association  comprises  the  following 
sums  : 

In  the  year  1881 $H8.00 

''     1882 483.00 

-"     1883 210.00 

"          "     1884 549.50 


Total  $1,305.50 

Tills  is  for,  say,  130  copies  for  3  yearly  volumes. 

From  the  financial  statement  following,  it  will  be  seen  that  the  expenses  for  the 
year  have  been  much  lai'ger  than  ever  before.  This  is  partly  owing  to  the  fact 
that,  for  the  first  time,  we  pay  rent  for  our  rooms.  Some  expenses  of  the  year 
wiU  not  be  repeated,  but  it  would  appear  that  we  should  provide  a  revenue  of 
about  $1,200  for  the  coming  year. 

As  the  revenue  this  year  amounted  to  only  $1,003  it  will  be  necessary  to  devise 
means  to  raise  the  additional  amount  required. 

Receipts  and  expenditures  are  as  follows  : 

Cash  on  hand  per  last  report $533. 19 

Received  for  annual  dues .$898.00 

"  "    entrance  fees 105.00 

"    furniture 45.00 

1,048.00 


Total $1,581. 19 

Paid  for  rent $360.00 

"      "   .ianitor,  gas,  etc 25.87 

"      "  library 158.88 

"      "  printing  proceedings,  etc 147.75 

"      "  postage  and  stationery 69.80 

"  entertainment  of  Am.  Soc.  Mining  Engineers,  etc 39.25 

"      "  membership  in  Association 549.50 

''      "  portraits 129.00 

'•      "   furniture 88.30 

1,568.35 


Balance  in  hands  of  Treasurer $12.84 

L.  P.  Morehouse,  Secretary. 
January,  6,  1885. 


January  20,  1885  : — The  201st  meeting  was  held  at  4  p.  m. 

Vice-President  Randolph  introduced  President  Williams,  who  deUvered  an 
iinaugural  address. 

The  Secretary  having  arrived,  the  minutes  of  the  preceding  meeting  were  read 
and  approved.  Mr.  Wiight,  for  Committee  on  Transportation,  announced  a  paper 
for  the  next  meeting,  "  Ventilation  of  Stables." 

It  was  voted  that  the  Committee  on  Portraits  have  the  portrait  of  President 
Wilfiams  added  to  the  collection  of  Presidents'  Portraits. 

Mr.  Ct.  R.  Bramhall  read  a  paper  "  What  Civilization  owes  to  the  Architect  and 
Engineer." 

It  was  voted  that  the  address  of  the  President  and  the  paper  by  Mr.  Bramhall 
ibe  printed. 

iAdjourned.]  L.  P.  Morehouse,  Secretary. 
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INAUGURAL    ADDRESS  OF  PRESIDENT    BENEZETTE   WILLIAMS    TO    WESTEBIf 
SOCIETY   OF  ENGINEERS,   JANUARY  20,    1885. 

Gentlemen  of  the  Western  Society  of  Engineers : 

In  sincerely  thanking  you  for  the  confidence  manifested  by  the  Society 
in  electing  me  to  the  oflEice  of  President,  I  must  confess  to  a  degree  of  diffi- 
dence in  presuming  to  accept  a  chair  that  has  been  so  well  and  so  hon- 
orably filled  by  the  half-dozen  distinguished  gentlemen  whose  portraits 
adorn  our  walls. 

All  of  these  gentlemen  are  now  living  ;  two  of  them  in  other  cities  and 
four  of  them  call  Chicago  their  home.  But  one  of  the  six  is  with  us  to- 
night. Ill  health,  advancing  years,  and  absence  from  the  city  account 
for  their  vacant  places.  It  is  with  profound  sorrow  that  we  all  must 
observe  the  changes  that  this  denotes.  It  does  not  merely  indicate  that 
some  of  these  worthy  predecessors  have  removed  from  Chicago,  and  that 
others  have  laid  aside  life's  active  work  ;  it  means  that  we,  too,  will  soon 
give  place  to  others — that  our  work,  whether  it  be  of  a  permanent  or  of 
a  transient  nature,  will  soon  be  a  thing  of  the  past.  If  it  be  permanent, 
it  will  form  one  stone  in  an  enduring  edifice ;  if  transient,  the  next 
generation  will  be  as  if  we  had  not  met  here  to-night. 

Such  thoughts  suggest  the  queries  :  What  purpose  did  the  founders  of 
this  Society  have  in  mind?  What  was  the  object  aimed  at  by  them  ? 
Why  do  we  meet  here,  month  after  month,  as  it  were,  from  an  impulse 
which  we  cannot  resist?  To  be  plain,  what  is  the  real  object  of  engi- 
neering societies?  Such  questions  ai'e  more  easily  asked  than  answered. 
If  we  turn  to  our  constitution,  we  find  that  it  answers  by  saying,  "  The 
advancement  of  the  science  of  engineering  and  the  interests  of  the  pro- 
fession." 

The  constitution  of  the  American  Society  of  Civil  Engineers  says  that 
"its  object  shall  be  the  professional  improvement  of  its  members,  the  en- 
couragement of  social  intercourse  among  men  of  practical  science,  the 
advancement  of  engineering  in  its  several  bi'anches,  and  the  establishment 
of  a  central  point  of  reference  and  union  for  its  members."  Substantially 
the  same  reason  for  its  being  is  given  by  every  engineering  society  whose 
constitution  it  has  been  my  lot  to  examine.  Such  concurrence  of  testi- 
mony ought  to  be  sufficient  to  establish  the  general  truth  of  the  answer. 

When  it  comes  to  the  means  to  be  employed  to  attain  the  object,  there 
is  equal  agreement,  and  the  answer  of  one  constitution  is  the  answer  of 
all.  In  the  language  of  our  own,  the  means  ''  shall  be  periodical  meetings 
for  the  reading  and  discussion  of  scientific  papers  and  matters  of  scientific 
interest,  the  collection  of  a  library,  and  the  publication  of  such  parts  of 
the  transactions  as  may  be  deemed  expedient."  It  is  thus  seen  that  the 
object  of  engineering  societies  generally  and  the  means  prescribed  to 
attain  that  object  do  not  vary  materially  from  New  York  to  San 
Francisco. 

Where  there  is  such  apparent  unity  of  purpose  and  of  method,the  ques- 
tions arise.  Why  should  there  not  be  entire  co-operation  and  a  community 
of  benefits  among  engineering  societies  of  every  kind,  and  in  every  jjlace? 
Why  is  there  not  a  centralization  of  interests  that  are  or  ought  to  be 
common  to  all,  instead  of  differentiation  in  all  things?  As  the  cause  of 
this  state  of  affairs  lies  as,  I  believe,  in  the  wrong  application  of  methods 
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■which  are  proper  enough  in  their  places,  so  its  remedy  is  to  be  sought  in 
discriminating  between  things  that  differ,  and  in  the  application  of 
methods  within  their  lawful  limits. 

While,  as  has  been  seen,  all  engineering  societies  have  the  same  object, 
and  propose  the  same  or  like  methods,  only  a  few  of  the  methods  are  of 
universal  application.  Other  methods,  such  as  frequent  meetings  and 
reading  of  papers,  intimate  social  intercourse,  the  collection  of  a  library, 
maps,  drawings  and  models,  are  creatures  of  locality  ;  close  proximity  to 
the  societies"  headquarters  being  necessary  to  render  such  methods  avail- 
able. 

Such  being  the  case,  no  society  with  a  small  portion  of  the  geography 
of  the  United  States  as  a  basis,  can  make  a  success  of  spreading  itself 
over  any  wide  range  of  territory.  Efforts  of  this  kind  must  always  prove 
^  failui'e  in  so  far  as  elements  dependent  on  locality  enter  into  its  being. 
These  will  ever  confront  it  with  the  positive  avowal,  that  thus  far  thou 
shalt  come  and  no  farther.  We  know  that  such  a  society  may  grow  and 
prosper,  when  hampered  by  limiting  elements,  even  beyond  its  natural 
boundaries.  It  may  have  a  large  and  increasing  non-resident  member- 
ship ;  it  may,  like  the  American  Society  of  Civil  Engineers,  number  its 
members  by  the  hundreds ;  but  these  things  do  not  change  the 
fact  that  it  is  essentially  local,  and  that  it  is  acting  under  all  the  limita- 
tions that  belong  to  a  provincial  organization.  It  does  not  change  the 
fact  tliat  it  is  trying  to  live  under  conditions,  and  within  an  environ- 
ment, to  which  it  is  not  adapted. 

That  this  view  is  a  correct  one,  the  formation  of  ten  or  twelve  societies 
and  clubs  in  the  leading  cities  of  the  country,  besides  New  York,  and 
their  present  flourishing  condition,  incontestably  proves. 

To  speak  plainly,  while  the  objects  of  the  American  Society  are  broad, 
and  its  methods  good  within  certain  boundaries,  it  is  impossible  to  extend 
them  outside  of  those  boundaries  with  profit.  There  is  a  work  as  ex- 
tended as  the  English  language  on  this  continent,  which  should  be  done 
by  some  organization.  This  work  consists  in  drawing  together  all  the 
scattering  engineering  societies  of  America,  and  welding  them  into  a 
harmonious  whole.  The  office  of  such  an  organization  would  not  be  to 
fill  the  field  that  they  occupy,  any  more  than  the  office  of  the  Federal 
Government  is  to  fill  the  fields  of  our  State  governments.  Barring  the 
divisions  on  lines  of  the  various  branches  of  engineering,  there  is  abso- 
lutely no  difference  between  the  several  engineering  societies  of  the 
country,  excej^t  in  size  and  in  name.  The  Denver  Society  of  Civil  Engi- 
neers is  just  as  well  adapted  to  become  a  national  society  as  any  other 
one.  We  all  have  constitutions  good  enough  in  themselves,  but  of  such 
a  character  that  each  is  essentially  a  rival  of  another. 

A  national  association  will  confederate,  and  not  rival,  the  other  socie- 
ties. A  national  association  will  make  the  objects  and  methods  of  uni- 
versal ajDplication  common  to  all,  and  will  provide  that  those  of  a  pro- 
vincial character — that  are  dependent  on  locality — shall  be  turned  to 
account  by  the  individual  societies  within  their  own  domains. 

A  national  association  will  foster  and  encourage  local  societies  as  the 
groundwork  of  its  strength,  instead  of  fearing  them  as  the  despoilers  of 
its  heritage. 
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If  the  objects  for  which  we  meet  here  are  worthy  ;  if  the  advancement 
of  our  profession,  and  through  it  the  general  good  of  our  country  and 
of  our  race,  are  important  enough  to  claim  our  best  efforts,  then  cer- 
tainly we  should  not  hesitate  to  take  such  steps,  to  make  such  sacrifices, 
as  will  most  contribute  to  the  general  good. 

The  effort  to  establish  the  Association  of  Engineering  Societies  during 
the  last  four  years,  and  particularly  the  part  that  this  Society  has  played 
therein,  is  fresh  in  the  minds  of  all.  The  primary  object  of  this  Associa- 
tion, as  stated  by  the  Articles  of  Association,  is  to  secure  a  joint  publi- 
cation of  the  papers  and  proceedings  of  the  several  societies.  Many  of 
you  will  remember,  however,  that  from  the  first,  and  in  the  arguments 
before  our  Society,  its  importance  has  been  urged  upon  the  grounds  of  its 
being  a  half-way  house  to  a  more  perfect  organization. 

Our  Secretary  particularly  will  remember  that  this  object  was  avowed 
in  the  meeting  at  which  the  Articles  of  Association  were  drawn.  He 
will  also  remember  that  it  was  the  desire  of  every  one  to  make  haste 
slowly,  and  not  to  venture  into  deep  water  until  the  ability  to  swim  in 
shoal  should  be  made  manifest.  All  of  you  will  remember  that,  in 
season  and  out  of  season,  I  have  used  my  best  endeavor  to  maintain  our 
Society's  relation  to  the  Association  ;  and  I  particularlj^  remember,  with 
the  greatest  gratification,  the  generous  manner  in  which  the  Society,  in 
its  last  act,  renewed  its  allegiance  to  the  Association. 

Speaking  as  a  member  of  this  society,  without  attempting  to  voice  the 
opinion  of  others,  I  can  say  that  I  believe  some  steps  ought  to  be  made  to 
bring  about  a  more  thorough  alliance  than  is  afforded  by  the  Association 
in  its  present  form. 

There  is  perhaps  no  one  who  would  not  be  rejoiced  to  see  the  oldest 
and  strongest  society  initiate  a  policy  that  would  lead  to  the  formation 
of  a  National  Association  such  as  would  be  large  enough  for  our  country; 
but  judging  from  the  past  there  seems  to  be  little  hope  of  this. 
Indeed,  the  time  may  not  be  ripe  for  such  an  idea  to  be  adopted  any- 
where. 

Such  ideas  may  be  deemed  chimerical  by  many,  though  to  me  their 
triumph  at  no  distant  day  is  exceedingly  probable.  They  may  seem  to 
be  brought  too  soon  upon  the  stage,  though  such  will  always  be  the  case 
at  first  glance,  let  their  appearance  be  when  it  may.  They  must  have 
time  to  win  a  hearing  and  still  more,  perhaps,  to  win  general  favor.  The 
sooner  their  advent,  however,  the  easier  their  triumph.  I  believe 
that  our  own  society  should  hold  itself  in  readiness  to  take  advanced 
grounds,  and  should  be  willing  to  consider  and  advise  upon  propositions 
looking  to  the  formation  of  such  an  association,  let  the  propositions  come 
from  what  source  they  may. 

These  thoughts  have  become  convictions  to  me,  and  hence  I  beg  your 
indulgence  in  giving  them  expression.  If  I  have  seemed  to  give  them 
undue  space,  to  the  exclusion  of  other  societj'  questions,  it  is  only  be- 
cause the  other  questions  have  largely  been  answered  in  the  working  of 
our  organization.  They  have  become  a  part  of  our  daily  routine,  as  it 
were.  Not  that  they  are  unimportant  by  reason  of  this  ;  but,  being  the 
most  important,  they  have  had  the  first  attention,  and  can  be  trusted  to 
take  care  of  themselves,  by  dint  of  occasional  urging  with  whip  and  spur. 
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I  trust  that  in  the  year  that  has  just  begun  our  society  may  make 
record  of  useful  work  second  to  that  of  none  that  is  past.     Let  us  go  for 
ward  in  the  course  in  all  modesty,  but  with  a  determination  to  equal, 
and  if  possible  to  excel,  our  best  achievements  ;  but  "let  not  him  that 
girdeth  on  his  harness  boast  himself  as  he  that  putteth  it  off." 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


December  9,  1884  : — Regular  meeting  held,  President  HoUoway  in  the  chair. 

In  the  absence  of  the  Secretary,  Mr.  S.  J.  Baker  was  elected  Secretary  j)i-o  teni 

Minutes  of  last  meeting  were  read  and  ordered  corrected  so  as  to  read  that  the 
resolution  of  Mr.  Swasey,  in  reference  to  papers  read  before  the  Club,  fii-st  appear- 
ing in  the  Journal  of  the  Association,  before  being  published  in  other  technical 
joiu-nals,  be  referred  to  a  special  committee  to  be  appointed  by  the  Chaii',  instead 
of  to  the  Committee  on  Library  and  Publications. 

The  minutes  were  approved  as  corrected. 

Upon  the  reconunendation  of  the  Committee  on  Membership,  Messrs.  Chas.  W 
Fenn,  Geo.  W.  Goetz,  Chas.  T.  Sweet  and  Newton  M.  Anderson  were  elected  to 
active  membership  iu  the  Club. 

On  motion  of  Mr.  Paul,  the  Committee  on  Library  and  Publications  was  author 
ized  to  have  bound  not  to  exceed  10  sets  of  the  completed  volumes  of  the  Journal 
of  the  Association. 

Mr.  Alex.  E.  Brown  read  a  paper,  entitled   "  The  Rapid  and  Economical  Hand- 
ling of  Bulk  Materials,  Especially  Coal  and  Ore."     Mr.   Brown's  paper  was  illus-- 
trated  by  an  ingenious  model  and  by  numerous  di-awings,  and  was  very  generally 
discussed. 

[Adjournecl.'\  S.  J.  Baker,  Secretary  pro  fnn. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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ORGANIZED     1881. 


■Vol-  I"V.  FeTD^r^-LJ-ax^y,    1885.  ITo.  4:_ 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society, 'or 
for  statements  or  opinions  of  any  of  its  m,embers. 

This  Society  is  not  responsible  as  a  body  for  the  statements 
and  opinions  advanced  in  any  of  its  publications. 

BRIEF  SANITARY  MATTERS  IN  CONNECTION  WITH  ISOLATED 
COUNTRY  HOUSES. 


By  E.  W.  Bowditch,  Member  of  Boston  Society  op  Civil  Engineers. 
[Read  April  16,  1884.] 


I  am  unable  to  tell  you  what  is  generally  considered  the  best  practice, 
for  I  am  not  sure  there  are  any  definitely  established  rules;  therefore  I 
can  only  explain  my  ways  of  doing  such  work,  which,  though  I  try  to 
make  as  complete  and  at  the  same  time  as  simple  as  possible,  I  know  to 
be  far  from  perfect. 

Plumbing  and  drainage  work  has  grown  up  unconsciously  with  my 
landscape  gai'dening,  and  not  finding  any  texts  or  practice  that  seemed 
wholly  satisfactory,  I  have  been  forced  to  devise  nevv  arrangements  from 
time  to  time,  according  to  the  requirements  of  the  case  in  hand. 

To  give  all  the  details  of  house  plumbing  this  evening,  or  any  one 
evening,  would  be  impossible,  for  lack  of  time,  and  not  worth  while  even 
if  there  was  time,  as  much  of  it  would  prove  matter  of  little  or  no  inter- 
est. I  will  confine  my  remarks  therefore  to  certain  elements  of  the 
work  where  my  practice  differs,  I  believe,  essentially,  from  that  of  most 
engineers,  and  where  perhaps  my  experience,  if  of  no  assistance  to  other 
members  of  the  Society,  may  excite  their  friendly  criticism  in  such  a  way 
as  to  help  me. 

There  are  two  kinds  of  country  places  that  I  am  liable  to  be  called  upon 
to  prescribe  for : 

First.    A  new  place  where  nothing  has  been  arranged. 

Second.  An  old  place  where  the  occupants  have  been  troubled  either 
by  their  outside  arrangements  or  by  fixtures  or  pipes  within. 

Under  the  first  head  let  us  suppose  a  small  tract  of  perhaps  two  acres 
of  land  in  some  inland  town,  where  the  family  intends  to  live  but  six 
months  in  the  year,  though  they  are  liable  to  reside  there  the  whole- 
twelve. 
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There  are  no  sewers  and  no  public  water.  The  soil  is  a  stiff,  retentive 
clay,  rather  wet  in  spring.  The  desire  is  expressed  to  have  plumbing  and 
drainage  that  shall  be  as  inexpensive  as  possible,  but  that  shall  be  en- 
tirely safe. 

In  considering  the  arrangements  inside  the  house,  I  find  myself  in  the 
same  predicament  as  the  French  surgeon,  a  specialist  upon  setting  the 
tones  of  the  arm,  who,  when  a  patient  was  brought  him  with  his  right 
arm  broken,  expressed  his  sorrow  at  being  unable  to  be  of  assistance,  as 
his  specialty  was  the  left  arm. 

I  have  endeavored  to  post  myself  thoroughly  upon  house  plumbing,  but 
confess  to  only  knowing  partially  about  the  wastes  ;  the  supplies  I  do 
not  feel  competent  to  pass  upon. 

One  class  of  annoyance  caused  by  plumbing,  perhaps  the  principal  one, 
is  due  to  the  soil  pipe  or  some  of  its  fittings. 

Second  quality  of  iron,  poor  hanging,  insufficient  calking,  careless 
mechanics,  putty,  cement,  rag  or  paper  joints — all  these  and  a  dozen 
other  things  are  liable  to  be  sources  of  trouble.  Subordinate  wastes  are 
apt  to  be  annoying,  occasionally,  too,  to  a  less  extent. 

The  mechanical  work  can  always  be  superintended,  and  within  certain 
limits  may  be  made  secure  and  tight ;  not  so  easy,  however,  with  the 
materials. 

There  is  seldom  a  valid  excuse  for  ever  making  waste  pipes,  within  a 
building,  of  anything  but  metal. 

Earthern  tile  is  frequently  used  ;  also  to  a  limited  extent,  brick,  stone, 
and  wood  :  twice  I  have  found  canvas — all  these,  however,  are  inferior, 
and  should  never  be  accepted  or  specified.  The  writer  believes  that  at 
the  present  time,  hereabouts,  lead  and  iron  are  more  used  for  wastes  than 
any  other  materials,  and  are  found  the  most  satisfactory  on  the  whole. 

One  or  two  arrangements,  relative  to  the  wastes,  I  have  made  use  of 
that  are  not,  so  far  as  known,  in  general  use,  and  that  may  not  be  the 
best,  though  they  have  served  me  many  good  turns,  and  I  have  not  suc- 
ceeded in  devising  any  better. 

Soil  pipe,  as  it  is  usually  put  in,  is  apt  to  be  of  cast  iron,  four  inches  in 
diameter,  and  is  known  in  the  market  as  "  heavy"  or  "  extra  heavy." 
For  some  years  the  tar-coated  or  black  enameled  pipe  has  been  the 
favorite,  as  being  the  more  reliable,  the  writer  in  common  with  others 
making  use  of  the  same  freely,  until  one  day  a  cracked  elbow,  tar  coated, 
was  detected.  Since  that  time  plain  untarred  pipe  has  been  specified 
and  subjected  to  the  so-called  kerosene  test,  which  consists  of  swabbing 
out  each  pipe  with  kerosene  or  oil  and  then  allowing  it  to  stand  for  a  few 
hours.  A  moment's  thought  will  convince  any  one  that  when  a  pipe  is 
asphalted  or  tar  coated,  it  is  very  difficult  to  detect  either  sand  holes  or 
small  cracks,  and  the  difficult  of  proper  calking  is  increased,  as  lead 
does  not  cling  so  well  to  the  tar  as  to  plain  iron. 

At  present,  the  kerosene  test,  so  far  as  the  writer  is  concerned,  is  a 
naisnomer,  because  raw  linseed  oil  is  used  exclusively  as  giving  more 
satisfactory  results,  and  being  less  troublesome  to  apply. 

I  have  here  a  length  of  the  ordinary  "  heavy  4  "  commercial  soil  pipe, 
plain,  and  selected  at  random.  Yesterday  noon  I  had  it  oiled  at  my 
office,  in  order  to  be  ready  for  to-night,  and  you  see  by  the  chalk  marks 
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I  have  made,  just  where  the  leaks  were  and  their  area.  I  may  say  here 
that  a  sound  pipe  of  this  calibre  and  standard  weight  is  the  exception 
rather  than  the  rule,  and  it  was  selected  for  this  experiment  merely  to 
try  and  show  the  reaction  a  little  better  than  the  heavier  pipe  might. 

Experiments  of  this  nature  I  have  carried  along  for  the  past  two  years, 
and  I  am  glad  to  say  that,  since  I  began,  the  quality  of  the  soil  pipe 
furnished  by  the  dealers  for  my  work  seems  appreciably  better  than  at 
first.  Whether  the  poorer  pipe  is  still  made  and  sold  to  other  customers 
I  have  no  means  of  knowing  ;  pi-obablv  it  is,  however. 

A  large  quantity  of  the  pipe  is  now  being  tested  at  my  suggestion  by 
the  Superintendent  of  Construction  of  the  Johns  Hopkins  Hospital,  at 
Baltimore.  I  have  not  yet  heard  the  results  from  him,  but  doubtless  they 
will  be  interesting.  A  brief  summary  of  the  results  may  be  of  some 
interest. 

The  different  makers  of  soil  pipe  generally  used  by  plumbers  here- 
abouts are : 

Mott  &  Company,  Abendroth,  Blakslee,  Dighton,  Phillips  &  Weeden, 
and  Bartlett,  Hay  ward  &  Co. 

On  4"  extra  heavy  pipe  my  results  have  been  as  follows  : 

Percentage  passed  as  good,  single  hub 60  per  ct.  to  70  per  ct. 

"  *•         '•      "       double"    20  per  ct.  to  .30  per  ct. 

"  "    special  castings,  including  Y's  and  T's 60perct. 

5"  pipe  extra  heavy  : 

Percentage  passed  as  good,  sinirle  hub 25  per  ct.  to  35  per  ct. 

"         '•      "    double    "  No  record. 

"    special  castings,  including  Y's  and  T's 60  per  ct. 

It  has  been  stated  to  me  by  dealers,  that  the  tar  coating  does  away 
with  the  necessity  of  any  such  test  as  the  oil;  while  I  am  not  prepared  to 
acknowledge  or  deny  the  statement,  it  is  well  known  that  much  poor  pipe 
is  tar-coated  and  sold  in  the  market  as  good,  and  when  coated  it  is  almost 
impossible  to  detect  any  but  very  defective  work. 

The  price  customers  are  obliged  to  pay  for  soil  pipe,  either  "heavy"  or 
"extra  heavy,"  is  very  high  indeed,  even  taking  off  the  discounts,  and 
amounts  (as  I  figure  it)  to  $70  per  long  ton  for  4"  pipe.  The  present  rate 
for  the  best  water  pipe  of  the  same  calibre  is  about  $38  (now  $29)  per  long 
ton,  and  the  additional  charge  for  soil  pipe  should  guarantee  the  very 
best  iron  in  the  market,  though  it  appears  to  be  rarely  furnished. 

It  is  asserted  that  all  soil  pipe  is  tested  to  a  50-pound  water  pressure. 
I  beg  leave  to  question  the  absolute  truth  of  this,  unless  it  be  acknowl- 
edged that  pipe  is  sold  indiscriminately,  whether  it  bears  the  test  or  not, 
for  more  than  once  I  have  found  a  single  length  of  soil  pipe  (5  feet)  that 
could  not  bear  the  pressure  of  a  column  of  water  of  its  own  height  without 
leaking. 

Having  obtained  a  satisfactory  lot  of  soil  pipe  and  fittings,  the  next 
trouble  comes  with  the  lead  calking.  Unfortunately  it  is  frequently 
found  that  very  shallow  joints  are  made  instead  of  deep  ones,  and  hard 
lead  used  instead  of  soft.  My  rule  is,  soft  lead,  two  runnings  and  two 
calkings.  By  soft  lead  I  mean  pig  lead,  and  by  hard  lead  I  mean  old  pipe 
and  scrap  lead  that  may  have  been  melted  a  dozen  times.  Incidentally 
it  may  be  remarked  that  it  is  quite  diflScult  to  calk  a  tight  joint  on  the 
heavy  pipe  ;  the  process  will  crack  the  hub. 
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The  fixtures  used  in  a  house  are  of  minor  importance — there  are  dozens 
of  good  patterns  of  every  class.  If  they  are  carefully  put  in,  and  pro- 
vided with  suitable  traps  placed  just  as  close  to  the  fixture  as  possi  ble^ 
the  result  will  usually  be  satisfactory. 

Very  few  instances  occur  where  traps  are  placed  as  close  to  the  fixtures- 
they  serve  as  they  might  be,  and  yet  a  very  short  length  of  untrapped 
pipe,  when  fouled,  will  sometimes  smell  dreadfully.  A  set  bowl  with 
trap  two  feet  away  may  become  in  time  a  great  nuisance  if  not  properly 
used.  A  case  in  point  where  the  fixture  was  used  both  as  a  bowl  and  a 
urinal  was  in  a  few  months  exceedingly  offensive — a  fact  largely  (though 
not  wholly)  due  to  its  double  service. 

I  have  never  met  two  sanitarians  who  agreed  upon  the  same  water- 
closets,  bowls,  faucets,  traps,  etc. 

Of  course,  the  soil  pipe  will  be  carried,  of  full  size,  through  the  roof, 
and  sufficiently  high  to  clear  all  windows. 

Avoid  multiplicity  of  fixtures  or  pipes  ;  cut  off  all  fixtures  not  used  at 
least  twice  a  week,  lest  their  traps  dry  out ;  have  all  plumbing  as  simple 
as  possible,  and  try  and  get  it  all  located  so  that  outside  air  can  be  got 
directly  into  all  closets  and  bath  rooms.  As  far  as  possible,  set  your  fix- 
tures in  glass,  rather  than  tiles  or  wood.  Carry  the  lower  end  of  the  main 
drain  at  least  five  feet  beyond  the  cellar  walls  of  the  building,  of  cast  iron. 

Let  us  now  look  at  tbe  outside  work.  The  main  drain  (carrying  every- 
thing except  the  kitchen  and  pantry  sinks)  goes  through  a  ventilated 
running  trap.  An  indirect  fresh-air  inlet  is  provided  on  the  house  side 
of  the  trap  (example),  to  prevent  annoyance  from  puffing  or  pumping,  or,, 
better  still,  a  pipe  corresponding  to  the  soil  pipe  is  carried  up  on  the  outside 
of  the  house. 

The  running  trap  ventilator  should  be  of  the  same  diameter  as  the  main 
drain  (4  inch),  and  serve  as  a  main  drain  vent  also.  Carry  this  pipe  on 
the  outside  of  the  house  as  high  as  the  top  of  the  chimney. 

A  grease-trap  should  be  provided  for  the  kitchen  and  pantry  sinks. 
Formerly  my  custom  was  to  put  in  brick  receptacles;  it  is  now  to  put  in 
Portland  cement  traps  (Henderson  pattern),  though  perhaps  I  may  suc- 
ceed in  devising  a  cast-iron  one  that  will  answer  better.  The  brick  ones 
were  occasionally  heaved  by  the  frost,  and  cracked  ;  the  Portland  cement 
ones  answer  better,  and  when  thoroughly  painted  with  red  lead  do  not 
soak  an  appreciable  quantity  of  sewage  to  be  offensive,  but  are  too  high- 
priced  (128  each).  1  have  made  one  or  two  patterns  for  cast-iron  ones, 
but  none  as  yet  that  I  feel  satisfied  with. 

Beyond  the  runnmg  trap  an  Akron  pipe  should  convey  the  sewage  to  a 
tank  or  cesspool. 

Our  supposable  case  is  the  second  most  difficult  to  take  care  of.  The 
worst  would  be  ledge.  We  have  to  contend  with,  however,  hard,  wet, 
impervious  clay. 

The  best  way  undoubtedly  is  to  underdrain  the  land  and  then  to  dis- 
tribute the  sewage  on  the  principle  of  intermittent  dowuAvard  filtration. 
This  is  rather  expensive,  and  a  customer  is  rarely  willing  to  pay  the  bills 
for  the  same.  I  should  always  advise  it.as  the  best  ;  but  where  not  allowed 
to  do  so,  I  have  had  fair  success  with  shallow  French  drains  connecting 
with  the  tank  or  cesspool. 
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Siphon  tanks,  such  as  are  advised  by  many  sanitarians,  that  were  used 
iBrst  in  this  countrj%  I  believe,  by  Mr.  Waring,  I  have  not  been  very 
rsuccessful  with.  Obstructions  get  into  the  siphon  and  stop  it  up,  or  it 
^ets  choked  with  grease.  I  prefer  a  tight  tank,  provided  with  a  tell-tale, 
and  that  is  to  be  opened  either  by  a  valve  operated  by  hand  or  that  is 
.arranged  with  a  standing  overflow  like  a  bath  tub,  and  that  can  be  raised 
and  secured  by  a  hook. 
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By  Robert  Moore,  Member  Engineers'  Club  of  St.  Louis. 
LRead  December  3, 1884.  J 


The  sewerage  system  of  St.  Louis  dates  from  the  year  1849,  which 
was  also  the  year  of  "  the  great  fire"  and  of  the  severest  visitation  of 
cholera  in  the  history  of  the  city.  Prior  to  this  time  no  sewers,  in  the 
modern  sense,  had  ever  been  built  in  the  city.  A  few  stone  or  brick  cul- 
verts had  been  built  by  private  parties  across  the  levee  to  drain  property 
immediately  adjacent  thereto  ;  but  they  were  not  intended  for  the  recep- 
tion of  house  drainage,  and  as  a  rule  this  use  of  them  was  expressly  for- 
bidden by  a  special  proviso  in  the  several  ordinances  which  authorized 
their  construction.*  But  now  the  building  of  sewers  as  a  sanitary  meas- 
ure for  the  removal  of  household  and  manufacturing  wastes,  as  well  as 
surface  water,  was  undertaken,  and  a  system  devised  which  was  in- 
tended to  embrace  the  whole  city. 

In  taking  this  step,  St.  Louis  was  preceded  by  very  few  cities  either  in 
this  country  or  in  Europe.  It  is  true  that  before  this  time  sewers  for  the 
carriage  of  surface  water  were  in  the  older  cities  not  uncommon.  But  in 
none  of  them,  not  even  in  London,  was  the  building  of  sewers,  prior  to 
1849,  more  than  begun  in  any  serious  and  systematic  way  as  a  sanitary 
measure.  And  it  was  common  in  England,  before  this  time,  as  it  had 
been  in  St.  Louis,  to  forbid  the  using  of  the  sewers  for  the  drainage  of 
houses  or  for  the  removal  of  anything  but  surface  and  storm  waters. 
Nor  was  this  step  in  St.  Louis  a  sudden  one,  forced  upon  the  people  by 
the  terrors  of  pestilence.  The  statute  which  empowered  the  city  to 
proceed  in  the  construction  of  sewers  was  passed  during  the  winter  pre- 
ceding the  epidemic  of  cholera,  its  approval  being  dated  March  12,  1849, 
and  was  the  final  result  of  a  discussion  which  had  been  going  on,  in  the 
City  Council  and  in  the  newspapers,  for  not  less  than  eight  years.  This 
early  discussion  of  the  subject  grew  primarily  out  of  one  of  the  topo- 
graphical features  in  which,  as  compared  with  other  cities,  St.  Louis  is 
peculiar — to  wit:  the  presence  of  numerous  "sink-holes,"  or  basins, 
whose  only  drainage  is  through  fissures  in  the  underlying  rock.  These 
abounded  in  nearly  every  part  of  the  city,  and  it  was  a  favorite  opinion 
with  many  that  these  natural  underground  outlets  mights  be  perma- 
nently relied  upon  to  carry  off  not  only  surface  water,  but  sewage  matter 
as  well. 

One  of  these  basins,  whose  centre  was  not  far  from  the  intersection  of 

•  See  Ord.  626,  June  19th,  1840.  Ord.  679,  Not.  88th,  1840.  Ord.  848,  Nov.  17th,  1841. 
Ord.  965,  May  4th,  1842.     Ord .  993,  June  6th,  1842.    Ord.  1204,  July  24th,  1843. 
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Ninth  and  Biddle  streets,  in  what  was  then  known  as  "  the  northwestern 
part  of  the  city,"  was  the  source  of  much  solicitude,  as  the  area  drained 
included  many  blocks,  and  the  results  of  any  stoppage  of  the  outlets 
were  sure  to  be  very  serious.  During  1841  and  1842  several  reports  were 
made  to  the  Council  by  the  city  engineer,  setting  forth  the  importance  of 
preserving  these  outlets,  and  several  ordinances  were  passed  appropriat- 
ing money  for  the  purpose  of  protecting  theua  and  keeping  them  open. 
In  May,  1843,  the  city  engineer  (Mr.  Henry  Kayser),  in  a  further  report  to 
the  Council,  recommends  the  purchase  by  the  city  of  the  land  (belonging 
then  to  Jonas  Moore),  upon  which  one  of  the  largest  of  these  sink-holes 
was  located,  there  being,  as  he  says,  "the  strongest  probability  that  it 
will  answer  as  a  common  sewer."  The  Mayor,  John  M.  Wimer,  in  a  mes- 
sage to  the  Council  of  the  same  date,  also  calls  attention  to  this  subject, 
but  recommends,  in  opposition  to  the  city  engineer,  that  steps  be  taken 
toward  the  construction  of  a  sewer  as  the  only  permanent  and  sufficient 
means  of  warding  off  the  danger  of  overflow  which  is  now  constantly 
impending.  Nothing  being  done,  the  subject  was  again  brought 
up  in  May  of  the  succeeding  year,  1844,  by  the  newly- 
elected  mayor,  Bernard  Pratte,  who  in  his  first  message  joins  in  the 
recommendation  made  last  year  by  the  city  engineer  to  purchase  the 
sink-holes,  there  being,  he  urges,  *'  good  reason  to  believe  from  experi- 
ence had  thus  far  that  they  can  be  used  as  drains  or  natural  sewers,  and 
serve  as  substitutes  for  artificial  ones."  The  Council  referred  the  matter 
to  a  special  committee,  who,  after  careful  examination  on  the  ground, 
reported  adversely  to  the  recommendations  of  the  Mayor  and  city 
engineer  and  urged  tlie  building  of  a  sewer.  Two  months  later  an 
ordinance*  was  passed  directing  the  construction  of  a  sewer  from  the 
intersection  of  Seventh  and  Wash  streets  along  Seventh  stx'eet  to  Carr 
street,  and  thence  under  Carr  sti'eet  to  the  river,  and  authorizing  an  issue 
of  $20,000  7  per  cent,  bonds  to  pay  the  cost  thereof.  Nothing,  how- 
ever, was  dooe  under  this  ordinance  tor  the  reason  that  the  action  pro- 
posed was  beyond  the  powers  then  conferred  upon  the  city  by  its  char- 
ter, nor  was  the  requisite  power  granted  until  five  years  later  (March, 
1849),  as  already  related.  Meantime  the  condition  of  things  grew 
steadily  worse.  The  outlets  of  the  sink  holes  near  Biddle  and  Ninth 
streets,  which  had  been  the  subject  of  so  much  discussion,  became 
stopped  up,  as  nearly  always  happens  in  like  cases,  and  a  pond  of 
stagnant  water  resulted,  which  was  christened  "Kayser's  Lake,"  after  the 
name  of  the  city  engineer  who  had  urged  the  preservation  and  use  of 
these  outlets  as  permanent  sewers.  The  need  of  sewers  for  purposes  of 
house  drainage,  and  particularly  for  the  drainage  of  wet  cellars  in  all 
parts  of  the  city,  had  also  become  very  evident,  and  public  sentiment  was 
ripe  for  the  comprehensive  system  of  sewerage,  which,  as  before  stated, 
was  finally  begun  in  1849. 

The  outlines  of  this  system  in  its  present  form,  which,  however,  is  not 
essentially  different  from  its  original  form,  are  as  follows  : 

All  sewers  are  distributed  into  three  classes,  public   sewers,  district 
sewers,  and  private  sewers.  Public  sewers  are  such  as,  in  the  words  of  the 

*  Ordinance  1398,  July  18th,  ISW. 
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city  charter,  are  "  constructed  along  the  principal  courses  of  drainage." 
This  class  embraces  all  the  main  or  trunk  sewers  into  which  the  laterals 
are  discharged.  As  a  rule  they  are  located  in  the  valleys  formerly 
occupied  by  streams  ;  but  in  other  cases  they  go  through  the  ridges  at 
considerable  depth  to  drain  sink-hole  basins  which  formerly  had  no  sur- 
face drainage.  The  first  sewer  constructed,  begun  in  the  summer  of  1849, 
and  intended  for  the  drainage  of  Kayser's  Lake,  was  of  this  latter  kind. 
It  is  known  as  the  Biddle  street  sewer,  and  where  it  passes  through  the 
ridge,  at  Broadway  and  Biddle  streets,  was  constructed  as  a  tunnel  at  a 
depth  of  about  forty  feet.  It  is  a  circular  brick  sewer,  twelve  feet  in 
diameter,  and  was  in  its  day  counted  as  a  great  undertaking.  The 
largest  public  sewer  is  of  the  former  kind  and  follows  the  valley  of  Mill 
Creek,  a  stream  which  took  its  name  from  an  old  mill  that  once  stood  on 
it  not  far  from  Seventh  and  Poplar  streets.  West  of  the  mill  there 
stretched  for  nearly  a  mile  and  a  half  a  long  lake,  known  as  "Chouteau's 
Pond,"  the  site  of  which  is  now  occupied  by  railroad  depots  and  tracks. 
The  sewer,  which  takes  the  water  of  the  old  stream,  has  a  span  of 
twenty  feet  and  a  clear  height  of  fifteen  feet,  and  is  mainly  built  of 
stone.  It  drains  an  area  of  6,400  acres,  or  ten  square  miles,  and  up  to 
AprU,  1884,  has  cost  $1,204,000.  All  public  sewers  are  paid  for  by  the 
city  at  large  out  of  the  general  revenue. 

The  second  class,  or  district  sewers,  embraces  such  as  drain  limited 
areas  or  districts,  the  boundaries  of  which  are,  as  occasion  requires, 
fixed  by  ordinance.  They  are,  in  fact,  the  branch,  or  lateral,  sewers,  in. 
contradistinction  to  the  mains,  which  are  included  in  the  former  class. 
Sewers  of  this  class  are  built  by  the  city,  but  are  paid  for  by  the  owners 
of  the  property  within  the  district,  the  cost  of  the  sewerage  of  the  whole 
district  being  assessed  upon  the  several  lots  of  ground  therein  in  the 
same  proportion  that  the  area  of  the  lot  bears  to  the  area  of  the  whole 
district  after  excluding  all  public  streets  and  highways.  The  bills  of  assess- 
ment, which  are  by  law  made  liens  upon  the  property,  are  given  to  the 
contractor  upon  the  completion  of  his  work,  and  are  collected  by  him 
without  any  recourse  upon  the  city.  Prior  to  1859  the  city  paid  the  con- 
tractor in  cash  from  the  proceeds  of  bonds  issued  for  each  district,  and 
collected  the  money  from  the  property  owners  by  a  special  tax  running 
through  a  series  of  years  until  the  bonds  were  extinguished.  But  this 
method  was  found  not  to  work  well,  and  was  abandoned  for  the  one  now 
in  use,  which  is  on  the  whole  satisfactory.  The  initiative  in  the  con- 
struction of  district  sewers  may  be  taken  either  by  the  property  holders, 
upon  petition,  or  by  the  cicy  authorities,  who  may  by  ordinance  direct 
the  building  of  sewers  in  any  district,  whenever,  in  their  judgment  the 
public  interest  may  so  require.  After  district  sewers  are  built  they  are 
maintained  and  repaired  at  the  public  cost,  and  are  subject  to  the  same 
regulation  in  all  respects  as  pubhc  sewers. 

The  third  class,  that  of  private  sewers,  embraces  all  that  are  intended 
for  the  drainage  of  single  houses  or  lots.  These  are  built  and  paid  for  by 
the  owners  of  the  property  drained,  but  are  nevertheless  by  city 
ordinance  made  subject  to  certain  general  regulations,  of  which  the  fol- 
lowing are  the  chief.  No  private  sewer  can  be  connected  with  any  public 
or  district  sewer  except  in  pursuance  of    a  special  permit  therefor  issued 
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by  the  Sewer  Commissioner,  who  has  general  charge  of  the  sewerage  of 
the  city.  If  the  private  sewer  is  to  be  used  for  the  drainage  of  an  inhabited 
house,  the  Sewer  Commissioner  is  required  before  granting  the  permit  to 
satisfy  himself  from  an  examination  of  the  plan,  a  copy  of  which  must 
be  left  with  him,  that  provision  is  made,  first,  for  preventing  the  passage 
of  air  into  the  house  from  the  main  sewer  or  from  any  other  house  drain, 
and  second,  for  the  ventilation  of  the  drain  within  the  house  by  a  con- 
stant circulation  of  fresh  air.  The  first  of  these  ends  is  accomplished  by 
means  of  the  ordinary  disconnecting  trap,  which  must  resist  the 
passage  of  air  by  an  obstacle  equal  to  at  least  one  inch  in  depth  of 
water.  The  second  is  attained  by  requiring  that  there  shall  be  an  air 
inlet  between  the  trap  and  the  house,  and  that  the  main  soil  pipe  shall 
be  continued  above  the  house  and  left  open.  The  size  of  the  drain  and 
the  materials  used  must  also  be  approved  by  the  Sewer  Commissioner, 
and  the  work  of  making  the  junction  with  the  main  sewer  must  be  done 
in  the  presence,  and  to  the  satisfaction,  of  an  inspector  detailed  from  the 
Department  for  that  purpose.  But  beyond  these  general  provisions  all 
the  details  of  the  work  within  the  house  are  left  to  the  discretion  of  the 
owner.  For  private  drains  of  any  kind  exceeding  one  hundred  feet  in 
length,  the  Sewer  Commissioner  can  grant  the  permit  only  when  the 
plan  and  profile  of  the  proposed  work  have  been  approved  by  the  Board 
of  Public  Improvements,  and  upon  the  deposit  with  the  City  Treasurer 
of  money  sufiicient  to  pay  the  wages  of  an  inspector  appointed  by  the 
Sewer  Commissioner  to  see  that  the  work  is  properly  done.  These  regu- 
lations concerning  private  sewers  are  of  compartively  recent  date,  the 
greater  part  of  them  having  been  drawn  up  by  the  writer,  while  acting  as 
the  first  Sewer  Commissioner  under  the  present  city  charter,  and  passed 
by  the  Municipal  Assembly  in  1877  and  1878.  Before  that  time  it  was 
the  rule  here,  as  elsewhere,  to  leave  the  private  householder  free  to 
construct  his  house  drains  in  any  manner  he  saw  fit,  provided  only  that 
he  did  not  injure  the  main  sewer  by  his  manner  of  making  the  junction. 
As  a  consequence,  these  drains  were  very  commonly  constructed  in 
gross  violation  of  all  the  requirements  of  sanitary  science.  In  particu- 
lar, no  attention  whatever  was  paid  to  the  ventilation  of  house  drains. 
The  soil  pipe  was  terminated  at  the  highest  fixture,  and  there  was  no  pro- 
vision for  admitting  any  air  except  that  of  the  main  sewer.  In  this, 
however,  St.  Louis  was  not  behind  other  American  cities,  and  the  ordi- 
nance passed  here,  providing  for  the  ventilation  of  all  house-drains  built 
thereafter  and  their  disconnection  from  the  air  of  the  sewer  was,  I  be- 
lieve, the  first  one  of  the  kind  enacted  in  this  countr3%  though  such 
ordinances  have  since  then  become  very  common. 

Each  of  these  three  classes  of  sewers  is  designed  and  used  to  carry  off 
the  rainfall  as  well  as  the  waste  water  from  houses,  and  the  whole  there- 
fore is  an  example  of  what  is  known  as  the  "combined  system."  At 
first,  indeed,  the  chief  object  of  their  construction  was  to  get  rid  of  storm 
water,  which  by  collecting  in  ponds  and  cellars  had  become  a  nuisance. 
With  sewers  already  bviilt  for  this  purpose  the  construction  of  another 
system  for  the  carriage  of  house  drainage  only,  as  would  be  required  to 
meet  the  views  of  the  more  strenuous  advocates  of  the  "separate  sys- 
tem," has  been  found  wholly  unnecessary,  and  has  not  even  so   much  as 
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been  thought  of.  Nor,  so  far  as  the  writer  knows,  has  this  two-fold  use 
of  the  sewers  been  productive  of  any  evil  results  whatever. 

The  amount  of  rainfall  which  the  public  and  district  sewers  ai'e  de- 
signed to  carry  is  one  inch  in  depth  per  hour  from  the  whole  area 
drained,  experience  having  shown  that  the  sizes  given  by  this  condition 
are  admirably  suited  to  the  local  circumstances.  House  drains  are  de- 
signed to  carry  off  a  still  larger  rainfall  for  the  reason  that  the  water 
which  they  receive  gets  into  them  much  quicker  than  in  the  case  of 
sewers  draining  larger  areas.  The  usual  rule  is  to  make  them  large 
enough  to  carry  off  two  inches  per  hour  from  the  whole  surface  of  the  lot 
drained.  The  size  of  pipe  called  for  to  satisfy  this  requirement  is  very 
seldom  larger  than  six  inches,  though  prior  to  the  adoption  of  the  present 
regulations  it  was  not  uncommon  to  lay  a  twelve  or  even  fifteen  inch 
pipe  for  the  drainage  of  a  single  house. 

The  grades  of  the  sewers  of  all  classes  are,  as  a  rule,  quite  steep.  The 
minimum  is  one  foot  in  one  thousand,  or  one-tenth  of  one  per  cent., 
which  is  the  grade  of  part  of  the  Mill  Creek  sewer.  The  grades  of  other 
sewers  range  from  this  up  to  eight  or  ten  per  cent.,  the  latter  figures 
being  not  uncommon  for  house  drains.  The  average  in  the  district  or 
lateral  sewers  is  about  one  per  cent.,  which  is  sufficient  to  secure  a 
cleansing  flow,  and  there  is,  I  believe,  no  point  in  the  city  from  which 
the  sewerage  is  not  carried  to  its  final  outlet  within  an  hour  after  its 
entry. 

This  final  outlet  is  in  all  cases  the  Mississippi  River,  whose  rapid  cur- 
rent and  enormous  volume  are  sufficient  to  carry  off  and  harmlessly 
absorb  all  that  can  be  brought  to  it.  In  this  great  receiver  St  Louis  is 
particularly  fortunate,  as  it  forever  settles  the  question  of  sewerage  dis- 
posal, which  in  many  other  cities  is  one  of  very  great  and  ever-increasing 
difficulty.  It  makes  possible  and  fully  justifies  here  a  system  of  drainage 
which  in  other  places  and  under  other  conditions  might  be  impracticable 
and  unwise. 

In  pursuance  of  the  general  plan  thus  outlined,  work  has  gone  forward 
with  varying  speed  until  up  to  April,  1884,  there  were  built  and  in  use  48| 
miles  of  public  sewers,  174/|j  miles  of  district  sewers  and  about  58y*^  miles 
of  private  sewers,  including  house  drains,  making  a  total  of  all  classes  of 
281  yV  niiles.  The  area  drained  by  district  sewers  is  4696  acres  or  7^  square 
nailes.  This  embraces  a  large  portion  of  the  closely  built  parts  of  the  city, 
including  nearly  all  to  which  water  pipe  has  been  extended. 

The  cost  of  the  system,  exclusive  of  private  sewers,  whose  cost  is  un- 
known, is  as  follows  : 

Public  sewers $2,942,827,  being  $60,816  per  mile. 

District    "        2,932,588       "        16,758 

Total $5,875,415       "      $26,.300        " 

The  results  obtained  by  this  large  expenditure  have  been  highly  satis- 
factory. Before  the  construction  of  sewers  much  trouble  was  experienced 
throughout  the  city  from  standing  water  in  cellars,  even  in  the  higher 
parts  where  such  a  thing  would  hardly  be  expected.  Cellars  of  this  sort 
frequently  and  very  naturally  became  receptacles  for  garbage,  and  even 
under  the  most  favorable  circumstances  were  offensive  and  dangerous. 
So  great  was  this  difficulty  of  keeping  cellars  free  from  water  that  it  was 
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not  uncommon  for  persons  who  had  put  them  under  their  houses  to   fill 
them  up  again.* 

As  a  natural  result  of  this  state  of  things,  the  rate  of  mortality  was 
very  high.  In  the  fourteen  years  from  1841  to  1854,  inclusive,  the  aver- 
age death  rate  is  given  by  Dr.  George  Engelmann,  after  a  very  careful 
study  of  the  records,  as  i'd^^j  per  1,000.  Of  these  years  no  less  than  five 
(viz.,  1849,  1850,  1851,  1853  and  1854)  were  marked  by  the  presence  of 
cholera,  which  found  here  such  a  congenial  home  that  it  threatened  to 
become  a  permanent  resident.  But  even  after  eliminating  the  deaths 
from  cholera.  Dr.  Engelmann  finds  the  normal  death  rate  of  that  period 
to  be  no  less  than  34  per  1,000.  f 

To-day  a  permanently  wet  cellar  in  St.  Louis  is  a  rare  phenomenon. 
Within  the  area  covered  by  sewers  the  soil  has  been  rendered  thoroughly 
dry  and  clean.  And,  taking  the  statistics  of  the  last  eight  years  from 
1876  to  1883  inclusive,  we  find  the  average  death  rate  to  be  now  but  1& 
8-10  per  1000,  or  less  than  sixty  per  cent  of  what  it  was  before  the  con- 
struction of  sewers,  and  as  low  as  any  large  city  in  the  world.  Of  course 
this  result  is  not  due  to  any  single  cause.  An  improved  water  supply  ; 
better  housing,  an  increased  knowledge  of  the  laws  of  health,  and  more 
vigorous  measures  to  abate  nuisances  and  stamp  out  contagious  diseases 
have  all  contributed  to  lengthen  life  and  lower  the  death  rate.  But  with 
all  this,  nothing  is  more  certain  than  that  these  agencies  would  have  been 
comparatively  futile  without  the  purification  of  dwellings  and  the  drying 
of  the  soil  which  the  construction  of  sewers  alone  has  made  possible. 


ON    THE   FAILURE   OF  THE   COLUMNS   OF  ONE   OF  THE  GAS- 
HOLDERS OF  THE  ST.  LOUIS  GAS  CO. 


By  J.  B.  Johnson,   Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  December  17,  1884.] 


The  recent  failure  of  one  of  the  large  gas-holders  of  this  city  has 
awakened  considerable  interest  in  this  locality,  and  much  speculation 
has  been  indulged  in  as  to  its  cause.  It  is  thought  to  be  of  sufiicient 
interest  to  bring  before  the  Club. 

There  were  twelve  cast  iron,  hoUow,  cylindrical  columns,  each  75  feet 

*  The  testimony  on  this  subject  ia  the  newspapers  of  1849  is  very  ample.  Thus,  on 
January  27th,  1849,  the  St.  Louis  Republican,  conducted  by  Col.  A.  B.  Chambers, 
states  editorially  that  "There  are  few  blocks  in  the  city  where  there  are  not  cellars 
containing  more  or  less  water.  A  large  number  are  full  or  nearly  so — particularly  east 
of  Fourth  street."  In  its  issue  for  January  .3d,  the  same  paper  has  the  following: 
"  There  are  cellars  in  Pine,  Olive,  and  Locust  streets  that  have  not  been  free  from 
■water  for  years  past,  nnd  even  now  their  condition  is  most  offensive."  On  the  same 
date,  Doctors  Pope,  McMartin  and  McCabe,  in  a  memorial  to  the  Board  of  Health,  say  : 
"Numerous  cellars  and  basements,  flooded  as  they  are  after  every  rain,  are  believed  to 
be  one  of  the  most  prominent  sources  of  disease  in  St.  Louis." 

On  February  28th,  the  Republican  in  an  editorial  has  the  following:  "At  present  the 
street  gutters  are  the  only  sewers.  These  in  warm  weather  become  exceedingly  offen- 
sive. In  addition,  in  many  parts  of  the  city,  cellars  cannot  be  kept  dry.  Day  before 
yesterday  we  saw  the  owner  of  a  block  of  buildings  filling  up  finished  basements 
because  of  the  imp  issibility  of  draining  them." 

t  See  paper  by  Dr.  George  Engelmann  in  "Report  on  the  Diseases  of  Missouri  and 
Iowa.    By  Thomas  Reyburn."    Philadelphia,  1855. 
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high,  supporting  a  holder  140  feet  in  diameter.  The  whole  was  erect- 
ed in  1857,  and  failed  by  the  southern  columns  breaking  outward  on  the 
night  of  December  11,  1884.  Snow  had  fallen  during  the  day  and  even- 
ing, and  this  had  a  tendency  to  drift  over  on  the  south  side. 

The  columns  were  cast  in  solid  sections  about  nine  feet  in  length,  with 
flanges  turned  inward,  being  bolted  together  on  the  inside  through  the 
flanges.  They  were  three  feet  in  diameter  at  bottom  and  two  feet  in 
diameter  at  top.  The  metal  of  the  shell  would  average  about  one-half 
inch  in  thickness.  The  columns  on  the  north  side  broke  off  near  the  top, 
while  those  on  the  south  side  broke  in  the  middle  and  at  bottom. 

The  failure  was  caused  by  the  upper,  or  inner,  section  of  the  holder 
getting  pinched  or  caught,  while  settling  down  inside  the  lower  and 
outer  section.  It  was  caught  in  this  manner  on  the  north  side,  when  the 
top  was  some  22  feet  above  ground.  The  two  sections  are  each  35  feet 
high,  so  the  upper  section  had  already  moved  down  through  the  lower 
one  a  distance  of  some  13  feet.  There  were  no  guide,  or  friction,  rollers  on 
the  inside  to  prevent  this  pinching  action.  Had  there  been,  such  an  acci- 
dent could  never  have  happened.  This  same  thing  has  occurred  before, 
and  the  remedy  has  been  to  let  in  more  gas  and  so  lift  the  tank  up  and 
force  it  from  its  inclined  position.  The  first  warning,  in  this  case,  was 
the  sound  caused  by  the  cracking  of  one  of  the  south  columns.  The  watch- 
man then  found  this  column  broken  at  bottom  and  in  the  middle,  being 
a  foot  or  two  out  of  line  at  centre,  with  the  south  side  of  the  tank  some 
ten  feet  lower  than  the  north  side,  as  nearly  as  he  could  estimate.  Soon 
another  column  broke,  but  they  did  not  fall  for  £,bout  half  an  hour  after 
the  first  break  was  discovered.  In  the  meantime  the  gas  had  been  shut 
off  from  this  holder. 

The  final  catastrophe,  as  described  by  the  Superintendent,  who  was  an 
eye-witness,  was  about  as  follows  :  The  two  broken  columns,  on  the 
south  side,  fell  away,  the  middle-  falling  outward  and  tops  inward.  The 
top  trussing,  connecting  the  columns,  fell  upon  the  top  of  the  holder  and 
broke  two  holes  a  foot  or  two  in  diameter.  The  gas  at  once  escaped  from 
there  and  took  fire,  probably  from  a  friction  spark.  The  tank,  being  re- 
lieved of  the  inward  pressure,  settled  away  towards  the  south,  until  it 
pulled  the  remainder  of  the  columns  after  it,  when,  the  tops  of  the  north- 
ern columns,  with  the  trussing  here,  falling  upon  the  top  of  the  holder, 
it  gave  way  generally,  and  the  gas,  escaping  in  solid  mass,  was  burned 
as  though  it  came  from  a  burner.  There  uias  no  explosion,  unleas  the 
first  ignition  might  be  called  such.  The  Superintendent  stated  that, 
when  the  first  escaping  gas  ignited,  he  was  forcibly  thrown  forward 
upon  his  knees  by  the  in-rushing  air,  he  being  about  100  feet  away  from 
the  northeast  portion  of  the  tank.  There  was  a  stiff  breeze  blowing  from 
the  north,  and  had  been  all  day.  The  snow  had  a  tendency  to  drift 
somewhat  over  on  the  south  side  of  the  holder,  as  the  top  was  sphei'ical. 
The  breeze  and  unsymmetrical  snow-load  both  tended  to  cause  the  lower 
edge  of  the  north  side  to  hug  the  inner  face  of  the  outer  shell  in  settling 
away.  There  being  no  rollers  to  keep  it  off,  it  got  caught  on  rivet  heads, 
or  in  some  other  way,  and  the  more  the  rest  of  the  tank  settled,  the 
tighter  this  was  held,  and  so  failure  became  inevitable. 

It  has  been  suggested  that  the  overweight  on  the  inside  of  one  of  the^ 
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northern  columns  may  have  got  caught  under  the  projecting  flange  of  a 
column  joint,  as  the  vibration  of  the  columns  from  wind  often  causes  the 
weights  to  pound  the  sides  of  the  columns,  and  there  is  nothing  to  hinder 
their  catching  on  the  flanges.  This  cannot  explain  the  accident,  how- 
ever, since  the  lower  section  of  the  holder,  to  which  the  overweight 
chains  are  attached,  was  quite  down  and  the  upper  section  had  already 
descended  thirteen  feet.  The  overweights  were,  therefore,  stationary  at 
the  tops  of  the  columns. 

Unsymmetrical  Load  from  Overweights. 

The  overweights  hung  inside  the  columns,  the  chain  passing  over  a 

pulley  at  top  and  down  to  the  lower  section  of  the  shell,  where  it  was 

fastened  at  a  distance  of  twenty  inches  from  the  outside  of  column  at 

bottom,  or  thirty-eight  inches  from  the  axis  of  column.     The  overweight 

was  a  cast-iron  shell,  ten  feet  long,  15  inches  in  diameter,  web  IJ  inches 

thick,  and  weighted  by  being  filled   in  with  u'on  scraps,  to  within   18 

inches  of  the  top.      The   weight  of   this   was  about  3,800  pounds.      It 

was  balanced  by  a  corresponding  pull  on  the  lower  shell,  making  a 

total  load  on  the  pulley  of  7,600  pounds.     The  weight  of  the  chain   and 

suspending  rods  would  make  the  total  load  hung  from  the  axis  of  the 

pulley  about  8,000  pounds.     The  line  of  action  of  this  weight  on  the  pulley 

was  twenty-one  inches  froyn  the  column  axis.    The  weight  of  the  column 

itself  was  about  12,000  pounds.     The  moment  of  the  load  on  the  pulley, 

tending  to  bend  the  columns  and  causing  unequal  stresses  in  inner  and 

outer  sides  ("inner"  meaning  toward    the    holder   and  "outer"  away 

from  it),  was,  therefore,  8,000  X  31  =  168,000  in.  pds.     We  can  now  find 

the  actual  stresses  on  inner  and  outer  sides  of  the  column  at  any  section. 

If  Pq  =  mean  intensity  of  stress  at  any  section  in  the  column  if  total 

load  were  symmetrically  distributed. 

Pi  =  maximum  intensity  on  inner  side. 

_P3  =  corresponding  intensity  on  outer  side. 

Xq  =  distance  from  column  axis  to  line  of  action  of  the  resultant 

for  the  total  load. 
a?i  =  distance  from  column  axis  to  extreme  fibre  =  radius. 
S  =  area  of  the  flange  in  cross-section. 

I  =  moment  of  inertia  of  this  area  about  an  axis  through  the 
centre. 
Then  we  have 

Pi=Po(l  +  -'-^-)and 

But  for  hollow  cylinders,  having  d  and  d^  for  their  outer  and  inner 
diameters,  respectively,  we  have  :    . 
x^  S  _       8  d 

J     ~  d^  -\-d^' 
From  the  data  above  given,  we  may  write  : 
For  To]}  Section. 
W  =  0.  iri  =  8.000  pounds. 
Po  =  216  pounds  per  sq.  inch, 
Xn  —  21  inches. 
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^  =  .175 

whence  Pi  =  1,000  pounds  compression  on  inner  sides, 
and     ju  =      570       "        tension  "   outer 

For  Middle  Section. 
W  =  6,000  pounds.     W^  =  8,000  pounds. 
2?o  =  300  pounds  per  sq.  inch. 
a?o  =  12  inches. 

^  =  .138 

whence  Pi  =  800  pounds  compression  on  inner  side, 
and    Pz  =  200       "        tension  "   outer    " 

For  Bottom  Section. 
W  =  12.000  pounds.     W^  =  8,000  pounds. 
j9g  =  360  pounds. 
Xq  =  8.4  inches. 

^=.114; 

whence  J9i  =  690  pounds  compression  on  inner  side, 

and     Pa  =    30       "  "  "  outer    " 

We  see,  therefore,  that  there  is  tension  on  the  outer  sides  of  the 
columns  due  to  the  unsymmetrical  placing  of  the  balancing  loads.  This 
tension  is  greatest  at  the  top,  and  becomes  zero  near  the  bottom,  at  the 
top  being  as  great  as  570  pounds  per  square  inch.  If  the  overweight 
were  hung  on  the  outside  of  the  column  instead  of  in  the  open  centre, 
then  this  load  could  be  placed  symmetrically  over  the  centre  of  the 
column  and  the  stresses  would  then  be  uniform  over  the  cross  section, 
wherever  this  section  be  taken.  The  column  then  could  not  fail  for  the 
steady  load  until  it  so  far  decayed  as  to  crush  away  under  a  maximum 
stress,  for  this  case  of  360  pounds  per  square  inch. 

Wind  Pressure. 

Although  there  was  but  a  slight  wind  when  the  structure  fell,  there 
are  many  old  cracks  about  the  columns  which  may  have  been  caused  at 
some  time  by  wind.  It  is,  therefore,  well  enough  to  examine  the  strains 
that  would  be  caused  by,  say,  a  20-lb.  Vind  or  a  wind  of  60  miles  an  hour. 

The  area  of  a  diametral  section,  for  the  holder  standing  60  feet 
above  ground,  is  60  X  140  =  8,400  square  feet.  If  the  pressure  on  a 
cylindrical  surface  is  half  what  it  is  on  a  flat  surface,  we  have,  for  total 
wind  pressure, 

♦  10  X  8,400  =  84,000  pounds. 

There  are  two  sets  of  bearing  or  guide  wheels  which  would  transfer 
this  pressure  to  the  columns,  one  at  the  top  of  the  upper  shell  and  one  at 
top  of  lower  shell.  If  these  be  35  feet  apart,  the  resultant  thnist  may  be 
taken  at  about  40  feet  above  the  base  of  the  column.  Although  this 
would  be  carried  directly  by  six  or  seven  columns,  yet  it  would  be  dis 
tributed  about  equally  among  the  twelve  by  the  trussing  at  the  top  which 
connects  all  the  columns  together. 

The  average  pull  on  the  top  of  each  column  would  therefore  be 
84,000  X  40       „  „- 

12  X  75      "^  3,700  pounds. 
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This  gives  a  bending  movement  at  the  bottom  of  each  column  of 
3,780,000  inch  pounds. 

The  moment  of  resistance  of  a  hollow  column,  to  bending,  is  : 

Mq  =  nfd^  where /is  the  iiltimate  strength,  d  the  diameter,  and  n  a 

numerical  factor,  which  in  this  case  is  -TfT-A  1 'Si]  where  d'  is  the  in- 
ternal and  d  the  external  diameter.  At  bottom  of  column,  d  =  36  inches 
and  d'  ~  35  inches.     Therefore,  n  =  .01  and  M^  =  .01  /  d»  =  466/. 

.       3,780,000       «...„  .     , 

J  ^^  — Zfift —  ==  8,000  lbs.  per  sq.  mch. 

If  we  consider  the  tension  side  only,  which  is  the  outside  of  column  to 
vrindward,  and  inside  of  column  to  leeward,  then  we  must  combine  this 
tension  due  to  wind  moment  with  the  stress  in  those  fibres  due  to  steady- 
load.  This  we  have  found  to  be  30  pounds  compression  on  the  outside 
and  690  pounds  compression  on  the  inner  side.  Therefore,  the  maximum 
tension  at  bottom  of  column  comes  on  the  windward  column  on  the 
•outside,  and  is  about  8,000  pounds  per  square  inch.  This  is  about  one- 
half  the  average  ultimate  strength  of  cast-iron  in  tension.  If  the  iron 
■was  poor,  or  if  there  were  flaws  or  annealing  cracks,  this  might  be  beyond 
the  ultimate  strength  of  the  column.  It  will  be  noted  this  computation 
is  based  on  a  60-mile  wind,  which  is  not  a  very  uncommon  record  on  the 
;  St.  Louis  signal  service  gauge. 

Again,  the  column  is  much  weaker  in  tension  on  account  of  the  style  of 
joint  used.  This  form  is  good  for  compression  alone,  but  is  not  to  be 
recommended  for  tension.  It  is,  therefore,  highly  probable  that  several 
of  the  columns  have  been  cracked  at  various  times  by  the  wind  moment 
brought  upon  them. 

The  Contingencies  of  Handling. 

In  determining  the  proper  thickness  of  web  to  be  given  to  a  cast-iron 
tube  or  column,  it  is  not  enough  to  satisfy  the  conditions  of  stress  after 
the  pipe  is  in  place  ;  but,  in  case  of  small  pressures  with  large  diameters, 
with  pipes,  and  small  loads  with  large  diameters,  in  columns,  we  must 
provide  against  the  ordinary  contingencies  in  the  way  of  jars  and  shocks 
in  the  handling  and  erection  or  laying.  In  the  present  case,  this  part 
of  the  investigation  is  very  significant.  Thus,  the  bottom  sections  are 
36  inches  in  diameter  and  only  an  average  of  ^  inch  in  thickness,  this 
reducing  to  about  one-fourth  inch  in  places.  It  appears  that  there  are 
now  found  many  longitudinal  cracks  in  these  shells  which  appear  to  be 
old,  and  in  one  case  I  observed  where  such  a  craok  had  been  fastened 
together  by  a  wrought-iron  plate  riveted  on  the  inside.  This  must  have 
been  done  before  the  section  was  put  up,  and  the  crack  was  probably 
caused  by  some  shock  received  in  the  handling.  It  is  quite  evident  that 
cast-iron  shells  3  feet  in  diameter  and  i  inch  in  thickness  are  hkely  to 
be  injured  by  ordinary  handling. 

Snow  Load  on  Gas-Holder. 

It  has  been  asserted  that  the  weight  of  the  snow  on  the  top  of  the  tank 
had  some  effect  on  the  failure  of  the  columns.  There  are  two  ways  in 
^vhich  this  effect  is  siipposed  to  appear. 

First.  By  increasing  the  load  on  the  columns.   This  cannot  be  ;  for  the 
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load  on  the  columns,  aside  from  its  own  weight,  can  only  be  twice  that 
of  the  overweight,  which  is  not  increased  for  snow  load.  The  effect  of 
the  snow  is  only  to  press  the  holder  a  little  farther  into  the  water,  thus 
displacing  an  additional  amount  of  water  equal  to  the  weight  of  the 
snow.     The  pressure  of  the  gas  is  increast-d  then  by  this  much. 

Second.  By  flattening  out  the  spherical  top  of  the  holder,  spread- 
ing the  outer  circumference  at  top  thus  increasing  the  diam- 
■eter  and  so  pressing  the  guide-wheejs  out  against  the  columns  with 
sufficient  force  to  bend  them  outwaid  until  they  fail.  This  theory  is 
l)ased  on  an  erroneous  conception  of  the  applied  forces.  The  downward 
load  due  to  the  snow  is  not  taken  up  and  -esisted  at  the  circumference, 
thus  causing  the  top  to  sag.  or  flatten  itself  somewhat,  but  this  load  is 
■entirely  resisted  by  a  corresponding  increase  in  the  gas  pressure,  so  that, 
4f  the  snow  load  is  uniformly  distributed,  the  load  on  any  one  square  foot 
of  top  is  resisted  by  the  increase  of  upward  pressure  on  that  same  square 
-foot  of  surface,  and  the  only  effect  is  to  compress  the  metal  by  so  much. 
There  is  no  tendency  for  the  croivn,  or  top,  of  the  tank  to  change  itssJiape. 

If,  however,  the  snow  load  is  not  uniformly  distributed,  but  is  drifted 
badly  to  one  side  of  the  top  of  the  tank,  then  there  is  a  uniform  increase 
of  gas  pressure  due  to  the  entire  snow  load,  which  reaction  is  uniformly 
distributed  over  the  entire  inner  surface.  The  downward  forces,  acting 
only  on  one  side,  gives  rise  to  an  overturning  moment  equal  to  the 
weight  of  the  snow  into  the  distance  of  its  centre  of  gravity  from  the 
vertical  axis  of  the  tank.  This  moment  is  resisted  by  a  couple,  con- 
sisting of  an  outward  thrust  against  the  columns  at  top  on  the  snow 
side  and  another  equal  outward  thrust  against  the  base  walls  on  the 
opposite  side  at  bottom.  The  outward  pressure  against  the  columns 
would  act  exactly  like  a  wind  pressure,  which  has  already  been  discussed, 
and  the  amount  of  it  could  be  determined  when  the  weight  of  the  snow, 
1;he  position  of  its  centre  of  gravity  and  the  height  of  the  top  guide  roller 
above  base  of  column,  are  known. 

The  following  conclusions  may  be  drawn  : 

1",  That  the  failure  is  traceable  directly  to  a  lack  of  guide,  or  friction^ 
rollers  between  the  two  sections  of  the  holder. 

2°.  That  the  sections  of  the  columns  were  too  thin  to  resist  the  ordinary 
shocks  from  handling, 

3°.  That  the  columns  were  more  or  less  cracked  when  they  were  put  up. 

4°.  That  the  columns  had  not  suflScient  strength  at  the  base  to  resist 
the  action  of  the  wind  on  the  gasometer. 

5°.  That  the  overweights  should  have  been  suspended  outside  the 
columns  so  as  to  bring  this  load  symmetrically  over  the  axis  of  the 
column. 

6°.  The  columns  should  have  been  protected  from  rusting  on  the 
inside. 

7°.  The  sections  should  have  been  united  by  a  wrought-iron  band  on 
inside,  riveted  to  the  two  adjoining  sections. 

8^.  That  if  the  over-load  is  symmetrically  placed,  the  only  stress  in 
the  column  that  requires  investigation  is  that  due  to  wind  pressure. 

9\  That  any  distributed  load  on  the  top  of  the  gasometer,  as  snow, 
plays  no  part  in  the  problem  of  the  columns. 
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10'.  That  an  unsymmetrically  distributed  snow-load  may  have  had 
something  to  do  with  this  failure. 

11°.  That  the  columns  should  be  made  of  wrought,  instead  of  cast, 
iron. 

12°.  That  friction  rollers  should  never  be  omitted  between  the  sections 
of  a  holder. 


RAPID  CONSTRUCTION  OF  THE  CANADIAN  PACIFIC  RAILWAY. 


By  E.  T.  Abbott,  Member  op  the  Engineers'  Club  of  Minnesota. 
[Read  December  12.  1884.] 


During  the  winter  of  1881  and  1883  the  contract  was  let  to  Messrs. 
Langdon,  Sheppard&  Co., of  Minneapolis,  to  construct  during  the  working 
season  of  the  latter  year,  or  prior  to  January  1, 1883,  500  miles  of  railroad 
on  the  western  extension  of  the  above  company ;  the  contract  being  for 
the  grading,  bridging,  track-laying  and  surfacing,  also  including  the  lay- 
ing of  the  necessary  depot  sidings  and  their  grading.  The  idea  that  any 
such  amount  of  road  could  be  built  in  that  country  in  that  time  was 
looked  upon  by  the  writer  hereof,  as  well  as  by  railroad  men  generally^ 
as  a  huge  joke,  perpetrated  to  guU  the  Canadians.  At  the  time  the  con- 
tract was  let  the  Canadian  Pacific  Railway  was  in  operation  to  Brandon, 
the  crossing  of  the  Assiniboine  River,  132  miles  west  of  Winnipeg.  The 
track  was  laid,  however,  to  a  point  about  50  miles  west  of  this,  and  the 
grading  done  generally  in  an  unfinished  state  for  30  miles  further.  This 
was  the  condition  of  things  when  the  contract  was  entered  into  to  build 
500  miles — the  east  end  of  the  500-niile  contract  being  at  Station  4,660 
(Station  0  being  at  Brandon)  and  extending  west  to  a  few  miles  beyond 
the  Saskatchewan  River. 

The  Spring  of  1882  opened  in  the  most  unpromising  manner  for  rail- 
road operations,  being  the  wettest  ever  known  in  that  country.  Traffic 
over  the  St.  Paul,  Minneapolis  &  Manitoba  Railroad,  between  St. 
Paul  and  Winnipeg,  was  entirely  suspended  from  April  15th  to 
the  28th,  owing  to  the  floods  on  the  Red  River  at  St.  Vin- 
cent and  Emerson,  a  serious  blow  to  an  early  start,  as  on 
this  single  track  depended  the  transportation  of  all  supjjlies,  men, 
timber  and  contractors'  plant,  together  with  aU  track  materials 
(except  ties),  all  of  these  things  having  to  come  from,  or  through  St. 
Paul  and  Minneapolis,  The  writer  hereof  was  appointed  a  Divisou 
Engineer,  and  reported  at  Wiunipeg  the  15th  of  April,  getting  through  on 
the  last  train  before  the  St.  Vincent  flood.  No  sooner  was  the  line 
open  from  St.  Paul  to  Winnipeg  than  the  cotillion  opened  between 
Winnipeg  and  Brandon,  with  a  succession  of  washouts  that  defied  and 
defeated  all  efforts  to  get  trains  over,  so  it  was  not  until  the  fifth  day  of 
May  that  I  left  Winnipeg  to  take  charge  of  the  second  division  of  30  miles. 

By  extremely  "dizzy"  speed  I  was  landed  at  the  end  of  the  track,  180 
miles  from  Winnipeg,  on  the  evening  of  the  9th  (4  days).  My  outfit  con- 
sisted of  three  assistant  engineers,  and  the  necessary  paraphernalia  for 
three  complete  camps,  30  days'  provisions  (which  turned  out  to  be  about 
20),  11  carts  and  ponies,  the  latter  being  extremely  poor  after   a   winter's 
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diet  on  buffalo  grass  and  no  grain.  On  the  18th  day  of  May  I  had  my 
division  organized  and  camps  in  running  order.  The  country  was  liter- 
ally under  water,  drj"^  ground  being  the  exception,  and  I  look  upon  the 
feat  of  getting  across  the  country  at  all  as  the  engineering  triumph  of  my 
life. 

On  May  20th  a  genuine  blizzard  set  in,  lasting  24  hours,  snowed  five 
inches,  and  froze  the  sloughs  over  with  lialf  an  inch  of  ice,  a  decidedly 
interesting  event  to  the  writer,  as  he  was  18  miles  from  the  nearest  wood, 
therefore  laid  in  his  blankets  and  ate  hard  tack.  I  stabled  my  ponies  in 
the  cook  tent,  and  after  they  had  literally  eaten  off  the  sod  inside  the 
tent,  I  divided  my  floor  with  them. 

On  the  28th  day  of  May  I  saw  the  first  contractor,  who  broke  ground  at 
station  7,150.  On  the  1st  of  June  I  was  relieved  from  this  division  and 
ordered  to  take  the  next,  50  miles  west.  On  the  13th  day  of  June  ground 
was  broken  on  this  division  at  station  8,070,  or  only  about  62  miles  west 
of  the  east  end  of  the  500-mile  contract.  It  looked  at  this  time  as  though 
they  might  build  150  miles,  but  not  more.  But  from  this  time  on  very 
rapid  progress  was  made.  On  July  17th  the  track  reached  station  7,000, 
making  however  up  to  this  time  but  about  50  miles  of  track-laying,  inckid- 
ing  that  laid  on  the  old  grade  ;  but  large  forces  were  put  on  to  surfacing 
and  the  track  already  laid  was  put  in  excellent  condition  for  getting 
material  to  the  front.  The  weather  from  this  until  the  freeze-uj)  was  all 
that  could  be  desired,  \york  ceased  about  the  1st  of  January,  1883,  for 
the  season,  and  the  final  estimate  for  the  work  was  as  follows  :  6,103,986 
cubic  yards  earth  excavation,  2,395,750  feet  B.  M,  timber  in  bridges 
and  the  culverts,  85,708  lineal  feet  piling,  435  miles  of  track-laying. 
This  work  was  all  done  in  182  working  days,  including  stormyones, 
when  little,  if  anything,  could  be  done,  making  a  daily  average  of 
33,548  yards  excavation,  13,150  feet  B.  M.  timber,  471  feet  piling,  2xVff 
miles  track-laying.  We  never  had  an  accurate  force  report  made  of  the 
whole  line,  but  roughly  there  were  employed  5,000  men  and  1,700  teams. 

The  admii-able  organization  of  the  contractors  was  something  wonder- 
ful. The  grading  work  was  practically  all  done  by  sub-contractors, 
Messrs.  Langdon,  Sheppard  &  Co.  confining  themselves  to  putting  in  the 
supplies  and  doing  the  bridge  work,  surfacing  and  track-laying.  The 
grading  forces  were  scattered  along  about  150  miles  ahead  of  the  track 
and  supply  stores,  established  about  50  miles  apart,  and  in  no  case  were 
sub-contractors  expected  to  haul  supplies  over  100  miles.  If  I  remember 
rightly  there  were  four  trains  of  about  forty  wagons  each,  hauling  sup- 
plies from  the  end  of  track  to  the  stores. 

As  can  be  readily  seen,  the  vital  point  of  the  whole  work  and  the  prob- 
lem to  solve  was  food  for  men  and  horses.  1,700  bushels  of  oats  every  day 
and  15,000  pounds  of  provisions,  Sundays  and  ail,  for  an  entire  season, 
which  at  the  beginning  of  the  work  had  to  come  about  170  miles  by  rail, 
and  then  be  taken  from  50  to  150  miles  by  teams  across  a  wilderness,  is  on 
the  face  of  it  considerable  of  an  undertaking,  to  say  nothing  about  haul- 
ing the  pile-drivers,  piles  and  bridge-timber  there.  To  keep  from  delay- 
ing the  track,  sidings  1,500  feet  long  were  graded,  about  7  miles  apart.  A 
side-track  crew,  together  with  an  engine,  four  flats  and  caboose,  were 
always  in  readiness,  and  as  soon  as  a  siding  was   reached,  in  five  hours 
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the  switches  would  be  in  and  the  next  day  it  would  be  surfaced  and  all 
in  working  order,  when  the  operating  department  would  1111  it  with  track 
material  and  supplies.  From  the  head  of  the  siding  to  the  end  of  the 
track  the  ground  was  in  hands  of  track-layers,  the  track-laying  engine 
never  going  back  of  the  last  siding  for  supplies  or  material,  and  my  recol- 
lection is  that  there  was  but  six  hours'  delay  to  the  track  from  lack  of 
material  the  whole  season,  at  any  rate  up  to  sometime  in  November. 
The  track-laying  crew  was  equal  to  4  miles  per  day,  and  in  the  month  of 
August  92  miles  of  track  was  laid. 

The  ties  were  cut  on  the  line  of  the  road  about  100  miles  east  of  Win- 
nipeg, so  the  shortest  distance  any  ties  were  hauled  was  270  miles  ;  the 
actual  daily  burden  of  the  single  track  from  Winnipeg  west  was  24  cars 
steel,  24  cars  ties,  aside  from  the  transportation  of  grain  and  provisions, 
bridge  material  and  lumber  for  station  houses.  The  station  buildings 
were  kept  right  up  by  the  company  itself  and  a  depot  built  with  rooms 
for  the  agent  every  15  miles,  or  at  every  second  siding.  The  importance 
of  keeping  the  buildings  up  with  the  track  was  impressed  on  the  mind  of 
the  superintendent  of  this  branch,  and,  as  a  satire,  he  telegraphed  asking 
permission  to  haul  his  stuff  ahead  of  the  track  by  teams,  he  being  on  the 
tracklayers'  heels  with  his  stations  and  tanks  the  whole  season.  The 
telegraph  line  was  also  built,  and  kept  right  up  to  the  end  of  the  track, 
three  or  foixr  miles  being  the  furthest  they  were  at  any  time  behind. 

It  might  be  supposed  that  work  done  so  rapidly  would  not  be  well 
done,  but  it  is  the  best  built  prairie  road  I  know  of  on  this  continent.  It 
is  bailt  almost  entirely  free  from  cuts,  and  the  work  is  at  least  20  per 
cent,  heavier  than  would  ordinarily  be  made  across  the  same  country  in 
the  States  on  account  of  snow.  2,640  ties  were  laid  to  the  mile  and  the 
track  ballasting  kept  well  up  with  the  laying;  so  well,  in  fact,  and  so  well 
done,  that  as  103-mile  sections  were  completed  schedule  trains  were  put 
on  20  miles  an  hour,  and  the  operating  department  had  nothing  to  do  but 
make  a  time  table  :  the  road  was  built  by  the  construction  department 
before  the  operating  department  was  asked  to  take  it.  The  engineering 
was  organized  in  divisions  of  30  miles  each,  and  as  each  was  finished  the 
parties  moved  ahead  again  to  the  front,  the  engineers  usually  finding 
men  sitting  on  their  shovels  waiting  for  the  v/ork  to  be  laid  out  for  them. 
It  was  as  much  as  the  locating  parties  could  do  to  keep  out  of  the  way  of 
the  construction.  The  road-bed  was  built  14  ft.  wide  in  embankment 
and  20  in  the  very  few  cuts  there  were,  there  being  no  cuts  of  any  mo- 
ment except  through  the  Coteaus  and  the  Saskatchewan  crossing,  and 
these  have  since  been  widened  out  on  account  of  snow,  so  that  the  road 
can  be  operated  the  year  around  and  the  bucking-snow  account  cut  no 
figure  in  the  operating  expenses. 

The  country  is  a  virgin  desert.  From  Winnipeg  to  the  Pacific  Ocean 
there  are  a  few  places  that  might  attain  to  the  dignity  of  an  oasis — at 
Brandon.  Portage  la  Prairie,  etc.,  but  it  is  generally  what  I  should  call 
worthless,  100  miles  to  wood  and  100  feet  to  water  was  the  general  experi- 
ence v^'est  of  the  Moose  jaw,  and  the  months  of  June.  July  and  August  are 
the  only  three  in  the  year  that  it  is  safe  to  bet  you  will  not  have  sleigh- 
ing. I  burned  wood  and  used  stakes  that  were  hauled  by  carts  85  miles, 
and  none  any  nearer.     It  is  a  matter  of  some  pride   that   botli   the  engi- 
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•leering  and  the  construction  were  done  by  what  our  Canadian  neighbors 
kindly  termed  "  Yankee  importations."  However,  there  was  one  thing 
that  in  the  building  of  this  road  was  in  marked  contrast  to  any  other 
Pacific  road  ever  constructed,  that  is,  that  there  was  no  lawlessness,  no 
whisky,  and  not  even  a  knock-down  tight  that  I  ever  heard  of  the  whole 
jseason,  and  even  in  the  midst  of  13,000  Indians,  all  armed  with  Winchester 
rifles  and  plenty  of  ammunition,  not  one  of  the  locating  or  construction 
parties  ever  had  a  military  escort  nor  were  any  depredations  ever  com- 
mitted, except  the  running  off  of  a  few  horses,  which  were  usually  recov- 
ered, and  I  think  there  were  but  two  fatal  accidents  during  the  season, 
one  man  killed  on  the  Grand  Coule  Bridge,  and  another  from  being  kicked 
by  a  horse. 

The  track  was  all  laid  from  one  end,  and  in  no  case  were  rails  hauled 
ahead  by  teams.  Two  iron  cars  were  used,  the  empty  returning  one 
being  turned  up  beside  the  track  to  let  the  loaded  one  by. 

The  feat  in' rapid  construction  accomplished  by  this  company  will  never 
be  duplicated,  done  as  it  was  by  a  reckless  expenditure  of  money,  the 
orders  to  the  engineers  being  to  "get  there''''  i-egardless  of  expense  and 
horse-flesh;  if  you  killed  a  horse  by  hard  driving,  his  harness  would  fit 
another,  and  there  was  no  scrutiny  bestowed  on  vouchers  when  the 
work  was  done,  and  I  must  pay  the  tribute  to  the  company  to  say  that 
everything  that  money  would  buy  was  sent  to  make  the  engineei's  com- 
fortable. It  was  bad  enough  at  best,  and  the  Chief  Engineer  (J.  C. 
James)  rightly  considered  that  any  expense  bestowed  on  the  engineering 
part  of  the  work  was  a  good  investment. 
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By  W.   R.   Warner,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 
(Read  January  13.  1885.] 


The  history  of  the  astronomical  telescope  dates  back  but  two  and  three- 
quarter  centuries,  previous  to  which  time  no  practical  advance  had  been 
made  in  the  science  of  astronomy  for  more  than  a  thousand  years.  The 
credit  for  the  invention  has  been  claimed  by  the  friends  of  three  parties. 
Lipperhey  and  Jansen,  of  Holland,  and  Galileo,  of  Italy.  No  one  claims 
that  Galileo  first  discovered  the  principle  of  the  refraction  of  light  ;  but 
that  he  first  applied  it  to  an  instrument  for  observing  the  stai-^s.  there  is 
110  doubt. 

In  1608,  while  in  Venice,  he  learned  that  Jansen  had,  by  a  combination 
of  pieces  of  curved  glass,  succeeded  in  making  distant  objects  appear 
much  nearer.  He  at  once  gave  the  subject  his  attention,  and  in  a  few 
months  he  had  completed  an  instrument  that  magnified  three  times. 

He  then  made  other  and  larger  ones,  the  largest  of  which  magnified 
but  thirty  times,  and  was,  of  course,  very  imperfect  :  but  with  it  he  dis- 
covered the  movintains  in  the  moon,  the  satellites  of  Jupiter,  the  phases 
of  Venus,  and  what  seemed  to  him  handles  on  the  planet  Saturn. 

The  Galilean  telescope  was  veiy  nearly  the  same  as  the  modei'n  opera- 
glass,  being  composed  of  one  donble  convex  lens  and  one  double  concave 
Jens,  placed  as  shown   in  Fig.  1,  the  light  passing  through  both  lenses 
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before  reaching  a  focus.     The  large  lens  is  called  the  object  glass,  or  ob 
jective,  and  the  small  one  the  eye-piece. 

A  difficulty  was  soon  encountered,  which,  for  a  century  and  a  half, 
prevented  large  and  powerful  refracting  telescopes  from  being  made.  It 
was  found  that  a  ray  of  light,  when  refracted  by  the  lens,  was  separated 
into  all  the  colors  of  the  rainbow.  These  were  called  prismatic  colors, 
and  they  surrounded  every  object  observed  through  Galileo's  telescope. 
This  is  shown  by  the  passage  of  a  beam  of  light  through  a  triangular  prism. 
Fig.  2,  or  more  plainly  in  its  application  to  the  telescope  in  Fig.  3,  where 
the  line  at  a-b  is  the  axis  of  the  lens,  and  c-d  a  parallel  ray  of  white 
light,  which,  on  passing  through  the  lens,  is  refracted  and  separated  into 
the  prismatic  colors,  the  red  ray  meeting  the  axis  at  r,  and  the  violet  ray, 
being  most  refracted,  meeting  the  axis  at  v.  This,  as  will  be  evident, 
gives  a  confused  image  of  the  star.  This  difficulty  is  called  chromatic 
aberration,  and  it  prevents  an  exact  image  of  the  star  or  object  observed 
being  made  anywhere  on  the  optical  axis  of  the  lens.  From  the 
fact  that  the  chromatic  aberration  is  the  same  in  glasses  of  long  and 
short  focus,  while  the  image  of  the  star  or  object  observed  is  propor- 
tionatelj'  larger  in  the  former,  the  astronomers  of  the  17th  century  made 
their  telescopes  very  long — in  some  cases  the  focus  being  over  two  hun- 
dred feet. 

As  the  magnifying  power  of  a  telescoi^e  is  found  by  dividing  the  focal 
length  of  the  object  glass  by  that  of  the  eye-piece,  it  will  be  evident  that 
in  these  long  telescopes  a  low-power  eye-piece  would  give  a  high  magni- 
fying power  and  reduce  the  chromatic  aberration  to  a  minimum. 

The  "'color  line"  so  marked  in  optics,  as  well  as  politics,  led  the 
astronomers  to  study  other  means  than  lenses  for  getting  a  luminous 
image  of  distant  bodies.  It  was  discovei'ed,  we  know  not  by  whom, 
that  parallel  rays  of  light  striking  a  parabolic  mirror  were  reflected  to  a 
point  at  the  focus,  as  in  Fig.  4.  Newton  was  the  first  to  apply  this  prin- 
ciple practically  to  the  astronomical  telescope.  He  made  the  parabolic 
mirror  of  long  focus  and  intercej)ted  the  ra3"s  by  a  45'  mirror  just  before 
they  came  to  a  focus,  thus  bringing  tlie  image  of  the  object  outside  the 
tube,  where  it  is  examined  b\'  the  eye-piece,  as  in  Fig.  5.  This  is  called 
the  Newtonian  reflector. 

Hetschel  tilted  the  parabolic  mirror,  as  in  Fig.  6.  thus  bringing  the 
focus  to  the  edge  of  the  tube,  where  the  eye-piece  is  ajjplied. 

The  most  conveijient  method,  and  that  adopted  for  the  great  Melbourne 
reflector,  is  the  Cassegrainian  system,  where  the  cone  of  rays  is  intercepted 
before  reaching  a  focus  and  reflected  back  through  a  hole  in  the  center  of 
the  mirror,  where  it  is  examined  by  the  eye-piece,  as  in  Fig.  7.  By  this 
system  the  observer  is  near  the  ground  when  taking  observations,  while 
in  the  others  some  means  must  be  provided  for  raising  him  in  the  air  to 
the  height  of  the  top  of  the  tube,  which  is  a  great  inconvenience  in  large 
instruments. 

Of  the  three  systems  of  reflectors  mentioned,  the  Newtonian  is  opti- 
cally the  best,  while  the  Cassegranian  is  the  most  convenient  to  use. 

As  the  rays  of  light  are  not  separated  into  the  prismatic  colors  by 
reflection,  this  system  of  telescopes  was  the  most  popular,  and  did  the 
best  work   down   to   the  middle   of  the  18th  century,  wlien  Dolland.  an 
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English  optician,  discovered  that  prisms  of  hard  flint-glass  dispersed 
the  rays  of  light  twice  as  much  as  those  made  of  crown-glass  (see  Figs. 
8  and  9),  while  the  angle  of  refraction  remained  the  same  in  each.  This 
principle  furnished  the  key  to  the  modern  refracting  telescope,  for  by 
combining  prisms  of  crown  and  flint  gla^s,  as  in  Fig,  10,  having  the  angle 
of  tlie  flint  half  that  of  the  crown,  their  dispersive  powers  are  the  same, 
and  tlie  ray  of  white  liglit  a-b  will  pass  through  both  prisms  and  come 
out  a  white  ray,  c-d,  the  flint  prism  having  counteracted  the  chromatic 
effect  of  the  crown  ;  while  being  but  half  the  angle  of  the  crown,  it 
eliminated  but  half  its  refractive  power. 

This  principle  is  applied  to  the  telescope  bj^  making  a  double-convex 
lens,  a-b.  Fig.  11,  of  crown-glass,  and  just  back  of  it  place  a  plain  convex 
lens  of  flint-glass,  having  half  the  curvature  of  the  combined  surfaces  of 
thi  crown  lens.  The  flint  counteracts  the  chromatic  effect  of  the  crown 
lens,  and  the  rays  come  to  a  focus  at  the  same  place.  No  exact  rule  can 
be  given  for  the  several  curves  for  an  object  glass,  for  the  refractive 
pj  vera  of  glass  m^le  at  diff?i'ent  meltings  vai'ies  greatly. 

To  determine  the  refractive  powers  of  different  pieces  of  glass,  small 
prisms  are  made,  and  the  indices  of  refraction  found  by  trial.  From  these 
data  the  proper  curves  are  computed. 

We  stated  that  the  chromatic  effect  of  the  crown  and  flint  glass  Avas 
eliminated  by  combining  them. 

This  is  not  exactly  true,  for  if  we  make  prisms  of  flint  and  crown 
glass  having  equal  dispersive  powers,  we  shall  find  that  they  do  not  dis- 
perse the  rays  uniformly,  for  in  the  crown  the  red  band  is  broadest, 
while  in  the  flint  the  blue  is  broadest.  The  result  is  that  when  com- 
bined they  cannot  wholly  counteract  each  other,  and  in  large  instru- 
ments more  or  less  color  is  always  seen  about  a  bright  star. 

This  color  is  called  the  secondary  spectrum,  and  being  in  the  nature  of 
the  glass  itself,  no  skill  in  working  the  glass  can  wholly  correct  it. 

During  the  past  fifty  years  great  impi-ovements  have  been  made,  both 
in  refractors  and  reflectors.  The  largest  reflector  ever  made  is  that  con- 
structed about  1840  by  Lord  Rosse,  at  Parsonstown.  Ireland,  This 
monster  instrument,  called  "  The  Leviathan,"  is  fifty-four  feet  long  and 
has  a  mirror  of  six  feet  diameter.  It  is  not  mounted  equatorially,  but 
has  a  movement  of  10^  each  side  the  meridian. 

The  large  reflectors  following  it  are  those  at  Melbourne  and  Paris,  each 
of  four  feet  diameter.  Many  smaller  reflectors  are  mounted  in  England, 
while  in  our  country  there  are  but  few,  for  refractors  seem  to  be  much 
preferred.  The  min-ors  or  specula  of  the  early  reflectoi'S  were  made  of  a 
composition  of  32  parts  tin  to  15  parts  of  copper.  In  1859,  Foucault,  a 
French  physicist,  invented  the  silvered-glass  speculum,  which  greatly  in- 
creased the  value  of  the  reflecting  telescope,  A  disk  of  common  glass  is 
accurately  ground  on  one  side  to  the  proper  parabolic  curve,  on  which  a 
coating  of  silver  about  ^jrvosj)  o^  ^^  i^^h  in  thickness  is  chemically  de- 
posited. This  silver  film  can  be  polished  or  renewed  at  any  time  with- 
out affecting  the  figure  of  thie  speculum.  The  glass  speculum  also  keeps 
its  shape,  and  figures  much  better  than  one  of  speculum  metal. 

The  four-foot  reflector  of  the  Paris  Observatory  has  a  silvered  glass 
speculum,  it  being  the  largest  ever  made. 
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In  1840,  Merz  &  Mahler,  the  renowned  opticians  of  Munich,  made  a 
refracting  telescope  of  15  inches  aperture  for  the  Royal  Observatory  at 
Pulkowa,  Russia. 

This  was  the  wonder  of  its  time,  and,  indeed,  not  until  1862  was  a 
larger  one  made,  and  then  by  our  own  countrymen,  Messrs.  Alvan  Clark 
&  Sons,  who  made  one  of  18|  inches  aperture  for  the  Dearborn  Observa- 
tory of  Chicago.  This  has  been  followed  by  a  refractor  of  25  inches 
aperture,  made  by  Cook  &  Sons,  of  York,  England.  Our  Washington 
telescope,  of  26  inches  aperture,  made  by  the  Clarks;  also  one  of  26^  aper- 
ture, for  the  McCorniick  Observatory,  University  of  Virginia,  and  one  of 
23  inches  aperture,  for  Halsted  Observatory,  Princeton,  N.  J.,  both  by 
the  Clarks;  and  one  of  27  inches  aperture,  by  Grubb,  of  Dublin,  for  the 
Imperial  Observatory,  at  Vienna;  and  last  and  largest,  the  30-inch 
refractor,  made  by  the  Clarks  for  the  Royal  Observatory  at  Pulkowa, 
Russia.  This,  however,  will  remain  the  largest  but  a  short  time,  for  one 
of  the  disks  of  glass  is  already  cast  for  the  36-inch  refractor  for  the  Lick 
Observatory,  now  being  built  in  California.  The  location  of  this  Obser- 
vatory is  said  to  be  the  finest  in  the  world.  It  is  just  inside  the  coast 
range  of  mountains  on  Mt.  Hamilton,  4,400  feet  above  the  sea  and  about 
50  miles  southwest  of  San  Francisco.  When  finished,  the  Lick  Observa- 
tory will  be  the  most  complete  of  any  in  the  world.  Besides  the  36-inch 
refractor,  there  will  be  several  smaller  ones  ;  also  meridian  circles,  transit 
instruments,  and  the  great  variety  of  instruments  pertaining  to  astron- 
omy. The  question  naturally  arises.  Is  there  any  limit  to  the  size  and  power 
of  telescopes?  And  we  can  now  answer  yes,  and  say  that  probably  the 
limit  will  be  reached  in  the  completion  of  the  36-inch  Lick  refractor,  and 
has  been  reached  in  the  Rosse  reflector. 

Of  the  two  systems  of  telescopes,  refractors  and  reflectors,  each  has 
its  strong  advocates,  and  each,  doubtless,  has  advantages  in  certain  kinds 
of  work. 

The  lens  of  the  refi-actor  and  the  mirror  of  the  reflector  serve  as  light- 
gatherers,  not  as  magnifiers.  They  give  us  a  luminous  image,  and  by 
the  aid  of  the  ej'e-piece,  which  serves  as  a  microscope,  we  magnify  that 
image.  The  perfection  of  the  image  and  the  amount  of  light  w-ith  which 
to  examine  it,  give  us  the  Ijmit  of  magnifying  power  we  can  use  in  the 
eye-piece. 

In  a  reflector,  the  light-gathering  jjower  is  represented  by  the  pro- 
portion of  light  reflected,  to  the  whole  light  that  falls  on  its  surface. 

In  a  refractor,  the  light-gathering  power  is  represented  by  the  amount 
of  light  left  after  absorption  by  the  glass  and  reflection  from  its  several 
surfaces,  in  proportion  to  the  whole  light  that  falls  on  its  surface. 

This  comparison  will  show  that  the  light-gathering  power  of  a  unit  of 
surface  of  a  reflector  is  independent  of  its  size,  while  in  a  refractor  it 
diminishes  as  the  size  increases,  on  account  of  the  extra  absorption  of 
light  by  the  increased  thickness  of  the  glass.  A  limit,  therefore,  to  the 
size  of  refractors  will  soon  be  reached,  beyond  which  nothing  would  be 
gained  by  increasing  the  size.  That  limit  is  found  to  be  between  34  and 
36  inches. 

The  limit  to  the  practical  size  of  reflectors  is  met  by  the  difficulty  in 
keeping  the  mii-ror  in  proper  figure  and  the  imwieldy   nature   of  the  in- 
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strument.  When  we  consider  that  the  moderate  size  reflectors  have  sur- 
passed the  best  work  of  the  largest  ones,  we  may  feel  sure  that  the 
practical  limit  has  already  been  passed. 

lu  comparing  refractors  with  reflectors,  we  can  say  that  the  26-inch 
refractor  at  Washington  has  shown  the  most  difficult  objects  that  have 
ever  been  seen. 

The  modern  astronomical  telescope,  whether  refracting  or  reflecting, 
is  mounted  equatorially,  with  the  polar  axis  parallel  to  the  axis  of  the 
earth,  so  that  wherever  the  instrument  is  pointed,  a  movement  about  this 
axis  will  follow  the  apparent  diurnal  motion  of  the  star.  The  declina- 
tion axis  being  at  right  angles  to  the  polar  axis,  enables  the  instrument  to 
be  pointed  to  any  star  in  the  heavens.  Each  axis  carries  a  finely-gradu- 
ated circle,  from  which  is  read  the  position  of  the  star  being  observed. 

The  tubes  of  telescopes  were  formerly  made  of  wood.  The  great  Rosse 
6-foot  reflector  has  a  wooden  tube  over  50  feet  long,  built  up  of  staves  and 
bound  with  iron.  The  Harvard  College  15-inch  refractor  also  has  a  tube 
of  wood;  but  all  large  telescopes  of  recent  date  have  tubes  of  sheet  steel? 
which  can  be  made  very  light  and  rigid. 

The  methods  of  reading  the  circles  on  large  instruments  have  been  so 
improved  that,  instead  of  climbing  ladders  with  lantern  in  hand,  the 
observer  can  sit  at  the  eye  end  of  his  instruments  and,  by  the  aid  of  small 
telescopes  fastened  to  the  tube,  and  a  series  of  prisms,  can  read  the  star's 
exact  position,  both  in  declination  and  right  ascension. 

Many  systems  of  driving  clocks  have  been  devised  to  make  the  tele- 
scope to  automatically  follow  the  star.  The  conical  pendulum  seems  to 
be  the  most  satisfactory  regulator,  and  by  its  aid  the  image  of  the  star 
can  be  kept  in  the  center  of  the  field  even  under  the  highest  powers.  In 
the  most  exact  kind  of  work,  like  spectroscopic  observations,  where  the 
variation  of  y^g  of  a  second  would  vitiate  the  result,  the  driving  clock  is 
often  connected  electrically  with  the  standard  clock  of  the  observatory. 
Methods  have  been  devised  by  which  all  the  movements  of  large  instru- 
ments may  be  made  by  the  observer  or  his  assistant,  by  simply  pushing  a 
series  of  buttons,  which  make  electrical  connection  with  power  from  a 
hydraulic  or  gas  engine. 

We  often  hear  exaggerated  statements  as  to  the  magnifying  powers  of 
large  telescopes.  When  we  consider  that  all' imperfections  of  the  instru- 
ment, as  well  as  all  the  disturbances  of  the  atmosphere,  are  magnified  as 
much  as  the  star,  we  see  that  we  shall  soon  arrive  at  a  limit  beyond 
which  we  cannot  pass  and  retain  a  clear  view  of  the  object. 

A  newspaper  item  went  the  rounds  a  few  years  ago,  stating  that  the 
largest  telescopes  showfd  the  moon  as  if  it  were  but  40  miles  distant. 
As  its  real  diameter  is  240,000  miles,  this  would  require  a  power  of 
6,000.  Should  the  26-inch  refractor  at  Washington  be  provided  with  an 
eye-piece  giving  this  power,  the  emergent  pencil  of  light  coming  to  the 
eye  would  be  but  -^-^  of  an  inch  in  diameter,  and  the  focal  length  of  the 
eye-piece  would  be  but  j\  of  an  inch. 

Such  a  power  would  be  manifestly  absurd.  A  power  of  100  to  the  inch 
of  aperture  is  considered  a  m&ximum  that  can  be  used  to  advantage 
with  the  best  glasses  and  under  the  most  favorable  circumstances,  and  it 
is  seldom  that  more  than  60  to  the  inch  of  aperture  is  useel. 
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Professor  Newcomb  says  :  It  is  doubtful  whether  the  moon  has  ever 
been  seen  with  any  telescope  so  well  as  it  could  be  seen  with  the  naked 
eye  at  a  distance  of  500  miles. 

But  a  few  years  ago,  onJy  the  largest  universities  could  afford  an  astro- 
noroical  observatory,  and  when,  in  1843,  Merz,  of  Munich,  made  al5-ineh 
refractor,  a  subscription  was  taken  up  by  the  citizens  of  Boston  to  pur- 
chase it  and  present  it  to  Harvard  College. 

Until  1871  the  largest  telescope  in  the  National  Observatory  at  Wash- 
ington was  but  9|  in.  aperture,  but  at  the  present  time  instruments  of 
great  power  and  excellence  are  in  nearly  every  college  of  importance,  and 
in  many  of  the  high  schools  of  our  country. 

The  interest,  however,  which  has  developed  in  the  wonderful  science  of 
astronomy  does  not  stop  with  the  educational  institutions,  for  many  pri- 
vate observatories  have  been  ea.uipped,  and  their  number  is  being  multi- 
plied every  year. 

The  Chicago  Astronomical  Society  was  formed  many  years  ago,  and 
within  the  past  m  >nththe  "  State  Asti'onomical  Society  of  Indiana"  has 
been  organized. 

At  the  present  rate  of  progress,  the  time  is  not  far  distant  when  every 
large  city  will  have  its  Astronomical  Society,  as  it  now  has  its  Civil  Engi- 
neers' Club,  its  Attorneys'  Club  and  its  Literary  Circles. 

Cleveland  is  well  prepared  for  such  a  society  ;  for  she  has  her  Case  School 
of  Applied  Science,  her  Adelbert  College,  her  many  men  of  learning  and 
culture,  with  such  a  leader  as  our  honored  member,  whose  nightly  vigils 
in  his  observatory  on  Case  avenue  have  extended  his  fame  even  beyond 
the  limits  of  our  own  country,  and  given  scientific  results  of  great  value. 

With  these  elements  and  such  opportunities,  let  us  look  forward  to  the 
Cleveland  Astronomical  Society. 


PROTECTION  AGAINST  FIRE. 


By  C.  T.  Aubin,  BIember  of  the  Engineers'  Club  of  St.  Loxjis. 
[Read  January  7,  ]88o.| 


In  preparing  this  pap?r  for  our  club,  and  not  for  the  general  public.  I 
have  omitted  the  tiresome  description  of  an  entire  fire-proof  building, 
the  construction  of  which  we  are  all  familiar  with.  I  have  confined 
myself  to  a  style  of  construction  which,  with  the  efforts  of  engineers  and 
the  co-operation  of  architects  and  house-builders,  we  maj'  be  able  to 
obtain  in  the  near  future,  as  the  additional  cost  is  about  two  and  one- 
half  per  cent.,  and  which  is,  in  my  opinion,  equal  to  any  iron  or  brick 
arch,  I  have  also  for  the  same  reason  abstained  from  the  descri})tion, 
protection  and  separation  of  steam  boilers. 

As  to  steam  pipes,  as  engineers  seem  to  differ,  I  liave  given  you  my 
own  views  upon  the  matter,  which  are  the  result  of  18  years  of  my  con- 
nection with  the  St.  Louis  underwriters. 

The  loss  by  fire  in  the  United  States  and  Canada  for  the  year  1884  was 
$125,000,000  ;  in  1883  it  was  $95,000,000.  and  we  can  depend  upon 
$160,000,000  for  1885. 

To  this  irreparable  loss  we  can,  at  the  lowest  figure,  add  tlie  double  of 
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that  sum  for  the  interioiption  of  our  manufactures  and  commerce,  which, 
therefore,  will  give  us  $320,000,000  in  1885.  This  gradual  increase  of  loss, 
which  will  nearly  average  20  per  cent,  per  year,  has  no  parallel  in  any 
other  country.     This  is  due, 

First — To  the  poorly-constructed  houses. 

Second — To  the  rapid  disai)pearance  of  small  handicrafts,  making 
Toom  for  the  manufacturer  by  steam,  with  the  use  of  high  buildings  and 
new  modes  of  lighting. 

Third — To  the  equipment  of  fire  protection,  which  in  its  efficiency  has 
failed  to  keep  step  with  the  manutdcturer  who  daily  introduces  new  ele- 
ments of  danger. 

Fourth — To  incendiarism. 

Taking  the  constructions  as  they  exist  at  present  (which  are  erected  to 
protect  life  and  property),  they  are  i^erfect  fire  traps.  The  space  between 
ceiling  and  floor  is  left  open,  as  well  as  the  partitions  lathed  on  both 
sides,  the  centre  of  wiiich  forms  flues  from  cellar  to  roof,  which,  in  case 
of  a  fire,  convey  the  fiames  rapidly  to  all  parts  of  the  structure.  Those 
vacant  places  are  the  abode  of  rats,  which  build  their  nests  out  of  paper, 
cotton  and  matches,  whenever  these  latter  are  within  their  reach,  having 
a  marked  taste  for  phosphorus.  This  assertiou  will  be  corroborated  by 
any  contractor  who  has  ever  torn  down  an  old  building.  Their  nibbling 
often  ignites  those  matches,  and  to  this  cause  can  be  charged  a  number 
of  our  fires.  Two  per  cent,  additional  cost  would  make  this  building 
iire-proof ,  noiseless  and  free  from  vermin. 

If  we  take  10  per  cent,  of  lime  of  fel,  10  per  cent,  of  plaster  of  Paris, 
and  80  per  cent,  of  refuse  from  the  gas  works  or  blast  furnaces,  the  com- 
position has  only  one-eighth  the  weight  of  brick,  and  three  inches  in 
thickness  of  this  material  will  carry  from  300  to  600  pounds  to  the  square 
foot  on  a  five-foot  span.  The  application  of  this  material  can  be  made  by 
any  mechanic.  Let  tlie  joists  be  laid  in  the  usual  way  ;  then  at  right 
angles  lay  pieces  of  26  iron,  one  and  a  half  inches  wide,  bent  in  a  V  shape  ; 
nail  these  one  foot  apart  in  an  inverted  position  ;  then  a  section  of  board 
is  fastened  underneath  to  the  joist  by  a  screw  hook.  Mix  the  material 
with  water,  in  proportion  above  given,  to  the  consistency  of  cream,  and 
pour  one  half  inch  over  the  board  (centre) ;  then  this  panel  is  done,  and  at  the 
end  of  five  minutes  the  panel  can  be  removed  to  another  section.  Then 
a  hollow  box  five  feet  long  and  width  slightly  tapering,  but  about  two 
inches  less  than  the  space  between  joists,  and  in  height  one  inch  less 
than  the  joists,  is  placed  upon  the  first  horizontal  coating,  leaving 
one  inch  space  on  each  side.  This  same  material  is  then  poured  in 
between  the  box  and  the  joists  to  the  level  of  the  box.  A  sharp  knock 
at  the  smaller  end  of  the  box  will  immediately  detach  it  from  the  com- 
position. "With  a  knife  trim  the  top  of  the  composition  to  an  inch  below 
the  top  of  the  joists.  Then  a  slab  one  inch  thick  is  placed  vertically 
between  the  joist,  forming  a  draft  arrester  at  every  five  feet  between 
joists.  Then  a  slab  molded  elsewhere  is  placed  over  the  edges,  and 
the  interstices  of  joists  are  filled  with  the  same  compo.sition.  Now  the 
floor  or  tile  can  be  laid,  and  the  plastering  done  in  the  usual  manner. 
The  partition,  regardless  of  height,  can  be  made  of  the  same  material  cast 
in  hollow  blocks  four  or  five  inches  thick,  with  only  one  inch  of  material. 
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The  cost  of  this  material  is  not  great,  nor  does  it  require  skilled  labor. 
We  economize  both  bridging  and  lathing.  It  can  be  subjected  to  a  white 
heat  without  losing  any  of  its  strength  during  the  heat  or  after  it.  It 
preserves  the  wood  and  makes  the  structure  fire-proof,  as  it  excludes 
entirely  the  oxygen,  without  which  combustion  is  impossible.  The- 
stair waj's  and  Mansai'd  stones  can  be  treated  in  a  similar  manner.  In. 
factories  or  store-houses,  the  hatchways,  elevator  holes  and  light  shafts 
are  the  prime  factors  of  our  immense  loss. 

Those  elevators  should  be  built  in  fire-proof  shafts,  with  oak  doors  cov- 
ered with  No.  26  iron  and  nailed  at  every  three  inches,  having  on  their 
inner  faces  iron  bars  in  bow  shape,  projecting  inside  of  the  shaft,  which 
the  car  would  force  out  upon  its  passage.  The  doors  should  be  hung  so 
as  to  close  by  gravitation. 

Electric  Light.— The  dynamo  machine  should  be  entirely  insulated 
from  the  ground.  This  can  be  done  at  a  very  little  additional  expense. 
The  anchoring  rods  should  be  entirely  inclosed  in  gutta-percha  tube  ;  then 
the  foundation  built  around  them,  over  which  gutta  percha  or  other  non- 
combustible  material  should  belaid;  then  the  machine.  The  wires  should 
not  run  parallel  to  each  other,  but  start  at  as  great  an  angle  from  the 
machine  as  i^ossible.  At  every  splicing  of  wire  they  should  be  soldered 
and  insulated.  No  metallic  staple  should  be  used  for  their  fastening,, 
and  metallic  return  circuit  should  always  be  used.  The  lamps  should 
also  be  insulated  and  be  closed  at  the  bottom.  A  light  wire,  when  a 
ground  circuit  is  used,  can  set  fire  to  a  remote  construction  having  a  tele- 
phone, as  there  is  no  such  thing  as  perfect  insulation  in  wet  weather. 
Should  one  of  those  wires  come  in  contact  with  a  telephone  wire,  it  will 
run  along  this  wire  and  fuse  the  magnet  in  the  box,  it  being  of  very  fine- 
wire  and  offering  great  resistance.  Should  one  of  those  wires  fall  to  the 
ground,  it  would  give  a  fatal  shock  to  any  one  who  should  come  in  con- 
tact with  it.  If  the  machine  is  well  insulated  and  a  metallic  return  cir- 
cuit  is  used,  a  naked  wire  may  be  handled  with  imjJunity. 

Ashes. — There  should  be  an  ash  pit  where  stoves  are  used,  from  the 
upper  floor  down  to  the  ground,  protected  by  self-closing  iron  doors  on 
every  floor. 

Sidewalk  Grating. — There  should  be  a  fine  wire  grating  under  all  side- 
walk openings,  thus  preventing  lighted  cigars  from  being  thrown  into- 
the  cellar. 

Iron  Shutters. — Iron  shutters  are  objectionable  ;  being  heated  on  one 
side  only,  the  expansion  being  unequal,  they  buckle  ;  and  although  being 
arranged  to  open  from  the  outside,  when  they  are  buckled  it  is  impossible 
to  work  the  latch. 

Steam  Pipes. — I  am  of  the  opinion  that  a  steam  pipe  cannot  ignite 
wood,  unless  the  steam  is  superheated,  but  I  do  claim  that  very  few 
boilers  fail  at  times  to  furnish  superheated  steam.  The  boiler  has  now 
(a  late  introduction)  a  glass  gauge,  which  is  not  altogether  reliable,  as  it 
may  choke  with  sediment  and  hold  the  water  to  a  higher  level  than  in 
the  boiler.  The  test  cocks  are,  therefore,  still  kept,  and  they  may 
in  some  cases  become  unreliable.  In  the  hands  of  a  thorough  engi- 
neer the  boiler  may  foam,  and  his  test  will  lead  him  to  believe 
that    he    has    water    to    his    upper    gauge,    while,    in     fact,    he    has. 
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none.  A  few  minutes  later  he  will  find  his  boiler  red  hot,  but  as  this 
is  unknown  to  his  employer  (who,  upon  its  discovery,  would  accuse  him 
of  carelessness,  which  he  sometimes  thinks  himself  guilty  of),  he  banks 
his  fires  and  with  a  trembling  hand  starts  very  slowly  to  replenish  the 
boiler.  During  that  period  all  the  pipes  in  the  building  have  been  red 
hot :  the  fire  has  started  and  will  immediately  or  soon  destroy  the 
building.  If  the  pipes  are  free  from  any  contact  with  combustible 
material,  this  danger  may  be  obviated. 

Theatres. — All  theatres  should  have  their  floors  filled  with  the  compo- 
sition that  I  have  described,  and  the  wall  between  the  stage  and  the 
auditorium  should  be  of  brick  and  carried  three  feet  above  the  roof.  A 
gauze  wire  curtain  should  be  run  behind  the  "'  between  acts  "  curtain,  so 
as  to  assure  its  constant  availability.  All  theatres  hereafter  erected 
should  have  means  of  exit  upon  all  sides,  and  strong  balconies  with, 
communicating  stairways  from  one  to  the  other.  I  do  claim  that  escape 
ladders  are  of  no  avail  to  females,  and  that  the  best  of  firemen  would 
have  great  difficulty  in  saving  themselves  if  harnessed  in  female  attire. 
The  same  outside  escape  should  be  provided  for  our  crowded  factories.. 
The  Western  Union  building  now  contains  360  operators  on  the  fifth 
floor  and  two  iron  ladders  are  provided  for  them  on  one  side  only.  Of 
that  number  75  per  cent,  are  young,  feeble  women,  50  per  cent,  of  whom 
would  roast  alive  before  they  could  escape  by  those  ladders. 

Sprinklers. — A  sprinkler  has  been  lately  introduced  which,  in  my 
opinion,  deserves  the  attention  of  our  club.  It  consists  of  a  tank  placed^ 
on  the  roof  with  a  gas-pipe  leading  from  it  to  the  ceiling,  where  a  sprink- 
ler head  is  attached.  This  sprinkler  is  soldered  over  with  soft  solder, 
which  melts  at  150'  Fahrenheit.  This  tank  has  a  floater -valve  which 
opens  when  the  level  of  the  water  is  lowered,  and  allows  the  hydrant  to 
replenish  the  tank  (the  tank  is  previously  filled  with  a  non-freezing 
liquid).  One  point  is  not  very  clear  to  my  mind.  In  a  three  or  four- 
story  building,  if  the  fire  originates  on  the  first  floor,  with  our  present 
hatch-holes,  will  not  the  heat  be  greater  on  the  top  floor  than  on  the  floor 
where  it  originated,  thus  melting  the  sprinkler  head  on  the  floors  above,, 
and  not  let  go  those  where  the  fire  originates  ? 

In  order  to  distinguish  the  location  of  the  fire-alarm  box,  a  piece  of  red 
glass  could  be  placed  on  three  sides  of  the  city  lamp  the  nearest  to  the 
box,  and  the  post  painted  red  ;  such  lamp  should  be  lighted  every  night 
regardless  of  the  moon. 

Cisterns  could  be  built  in  the  streets  where  the  mains  are  inadequate 
or  too  far  distant  from  valuable  property,  and  tilled  partly  by  rains  from 
the  surrounding  roofs  or  by  hydrant  water  from  the  mains. 

Each  engine-house  should  have  a  well-hole  through  all  floors,  and  also> 
an  extension  on  the  roof,  if  additional  height  be  required,  and  a  simple 
pulley  overhead  to  raise  hose  on  the  return  from  a  fire,  thus  enabling; 
it  to  dry  by  ventilating,  at  the  same  time  furnishing  immediately  another 
set  to  reel  up  for  readiness. 

Linen  hose  is  able  to  sustain  a  pressure  of  200  lbs.  to  the  square  inch, 
and  bursting  is  simply  due  to  a  rotten  condition,  caused  by  being  con- 
stantly wet,  and  not  by  the  pressure  it  receives  from  the  engine.  There- 
are  also  contrivances  in  use  in  other  cities  by  which  bursted  hose  can  be- 
temporarily  mended  without  stopping  the  working  of  the  pumps. 
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TUNNELS  AND  INTERCEPTING  SEWERS  FOR  THE    SEWERAGE 
OF  CLEVELAND. 


By  J.  H.  Sargent,  Member   of  the  Civil  Engineers'  Club  of  Cleveland. 
[Read  September  9, 1884.] 


Again  the  people  of  Cleveland  have  their  sereneness  of  mind  disturbed, 
by  the  renewed  irritation  of  their  olfactory  and  optical  nerves  through 
the  agency  of  our  pellucid  river.  A  goodly  number  of  spontaneous 
-engineers  have  sprung  up  to  provide,  as  Mrs.  Partington  might  say,  "  a 
fatal  cure."  On  a  former  occasion  I  read  before  tlais  Club  a  paper  on  the 
subject  of  drainage  for  the  lowlands  of  our  city  ;  and  now,  at  the  risk  of 
being  thought  cranky  on  the  subject  of  water  vs.  filth  with  which  to  fill 
our  harbors,  I  will  restate  the  case  in  a  somewhat  different  form. 

The  subject  of  the  sewerage  of  Cleveland  is  one  ujoon  which  I  have 
spent  much  studj^  and  I  find  it  by  no  means  difficult,  but  susceptible  of 
a  very  satisfactory  solution.  In  establishing  a  system  of  sewers  for  a  city 
the  first  thing  to  provide  is  a  suitable  outfall.  This  in  our  lake  cities  is 
of  covirse,  the  lakes  themselves.  I^  is  of  the  first  importance  that  the 
iinal  discharge  into  the  lake  should  be  as  far  down  stream  as  practicable, 
and  it  is  fortunate  for  the  city  of  Cleveland  that  this  is  also  to  the  lee- 
ward of  the  prevailing  winds. 

For  that  portion  of  the  uplands  of  the  city  east  of  the  river,  simple 
gravity  will  take  all  sewage  into  the  lake  below  the  city  limits.  But  for 
the  river  flats  and  that  part  of  the  city  west  of  them  a  different  system 
is  required,  and  this  is  what  I  propose  to  discuss. 

For  outfalls  for  all  the  sewage  proper  of  this  district,  I  would  provide 
four  wells,  six  or  eight  feet  in  diameter  and  25  feet  deep — one  at  the 
intersection  of  Eagle  street  and  Central  Way,  one  at  Scranton  avenue 
and  Carter  street,  one  at  Center  and  Columbus,  and  one  at  Elm  and  West 
River  streets.  These  I  will  call  receiving  wells  ;  and  I  would  connect  all 
these  wells  by  tunnels  driven  from  the  bottom  thereof  nearly  or  quite 
horizontal,  say  three  feet  in  diameter,  from  West  River  to  Scranton 
avenue,  and  four  feet  from  the  last  to  Central  Way.  And  from  this  last 
I  would  drive  a  tunnel  five  feet  in  diameter  direct  to  the  north  end  of 
Murison  street,  where  should  be  a  discharging  well  or  pit  with  an  over- 
flow into  a  flume  or  dock,  in  which  should  be  carried  the  sewage  out 
from  the  shore  as  far  as  may  be  necessary.  This  provides  an  outfall  for 
the  Walworth  and  Kingsbuiy  Runs  and  all  the  sewage  of  both  sides  of 
the  river  below  upper  Central  Way  bridge.  When  it  becomes  necessary 
to  relieve  tlie  flats  above  that,  a  branch  tunnel  will  be  run  under  Central 
Way  as  far  as  may  be  necessary. 

Next,  intercepting  sewers  only  large  enough  to  carry  the  ordinary  every- 
day sew-age  should  be  constructed— one  from  Kingsbury  Run  and  Broad- 
way to  the  first  well,  one  from  Walworth  Run,  under  Scranton  avenue, 
.•and  one  from  Columbus  street  under  West  River  and  Carter  streets  to 
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the  second  well,  one  from  Centre  street  to  the  West  Riv^er  street  well, 
and  one  from  Superior  street,  South  Water  and  Center  streets  to  the 
Columbus  street  well.  These  intercepting  sewers  should  be  placed  low 
enough  to  furnish  drainage  for  the  cellars  on  the  flats  where  that  is 
deemed  necessary  and  which  I  provide  for  further  on.  Until  then  the 
sewage  will  rise  in  the  receiving  wells  and  fill  the  sewers  to  a  point  suffi- 
ciently above  the  water  in  the  lake  to  furnish  a  head  to  carry  it  off.  A 
head  of  six  inches  at  the  Central  Way  well  would  induce  a  velocity  of  one 
foot  in  a  second  in  the  tunnel  ;  one  of  two  feet,  a  velocity  of  two  feet — 
the  head  increasing  as  the  square  of  the  velocity. 

The  limit  of  this  svstem  with  these  dimensions  will  be  a  velocity  of  six 
feet  per  second,  requiring  a  head  of  18  feet  and  delivering  120  feet  per 
second,  which  at  one  foot  per  hour  for  each  inhabitant  provides  for  more 
than  400,000  inhabitants.  When  this  small  section  of  the  city  has  more 
than  400,000  people,  they  can  well  afford  to  spend  an  additional  $100,000 
to  drive  another  tunnel.  The  main  tunnel  is  5,000  feet  long  and  the 
branch  is  3,500,  and  will  cost  not  far  from  $150,000 — based  upon  the 
actual  cost  of  the  shore  end  of  the  water-works  tunnel.  These  figures 
Mr.  Whitelaw  can  verify.  The  plan  here  presented  is  altogether  self- 
operating,  and  I  only  refer  to  the  use  of  power  to  show  that  its  usefulness 
may  be  greatly  extended  without  alteration  in  the  original  work. 

I  will  now  advance  a  little  speculation  as  to  the  amount  of  sewage  we 
have  to  provide  for.  Please  to  remember,  in  the  outset,  that  all  the  rain- 
water and  snow-water  possible  should  be  excluded  from  our  intercepting 
«ewers  and  tunnels.  Then  the  sewage  must  reach  them  through  the 
medium  of  the  city  water-works  and  the  springs  of  the  valley.  The 
water-works  maintained  in  1883  an  average  velocity  of  one  foot  per 
second,  which  is  of  the  same  capacity  as  mine.  We  have  to  provide  for 
perhaps  half  of  the  territory  and  half  the  population.  It  is  hardly  possi- 
ble that  the  springs  throw  more  water  into  the  sewei's  and  Runs  than  is 
evaporated  by  the  steam  engines,  and  used  m  fountains  and  in  sprinkling 
streets,  lawns  and  parks  and  is  suffered  to  waste.  This  would  leave  us 
only  a  velocity  of  six  inches  in  the  tunnel  A  double  supply  and  a  double 
velocity  would  be  even  better  for  the  works. 

I  have  said  that  all  the  rain  and  snosv  water  possible  should  be  ex- 
cluded from  sewers  and  tunnel  ;  and  it  is  because  all  this  is  needed  to 
maintain  circulation  in  the  river. 

And  now,  gentlemen,  with  your  indulgence.  I  will  encroach  a  little 
upon  the  field  of  the  mechanical  engineer  and  explain  the  hieroglyphics 
upon  the  blackboard.  H  is  tlie  House  that  Jack  Built,  W  is  where  he 
kept  his  liquor,  T  is  the  tap  through  which  he  drew  it,  and  J?  is  a  basin 
in  which  to  brew  it.  But  dropping  metaphor,  I  will  explain,  that  here  is 
the  receiving  well  with  the  sewers  S  entering  it;  /  is  the  surface  of  the 
sewage  when  left  to  be  self-operating,  and  /'  the  surface  when  operated 
for  under-drainage  of  the  flats.  From  this  well  the  tunnel  conveys  it  to 
this  flume.  In  this  flume  I  would  hang  a  cylinder,  fitting  its  sides  as 
near  as  may  be,  and  resting  on  journals  on  a  level  with  the  ordinary 
•stage  of  water  in  the  lake. 

The  cylinder  would  be,  say  40  feet  in  diameter  and  10  feet  long,  and 
have  buckets  one  foot  wide,  set  somewhat  eccentric  with  the  face  of  the 
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wheel  for  perfect  clearance  as  they  leave  the  water.  At  the  bottom  of 
the  wheel  is  a  mud-sill,  giving  as  little  clearance  as  possible  between  it 
and  the  buckets.  It  will  be  somewhat  wider  than  the  space  between 
them.  These  buckets  are  half  the  cross-section  of  the  tunnel,  and  one 
revolution  per  minute  will  induce  a  velocity  of  one  foot  per  second  in  the 
tunnel ;  discharging  into  the  lake  twenty  cubic  feet  of  sewage  eve'y  sec- 
ond of  time. 

I  will  now  pursue  this  fragrant  mass  further  :  Beyond  the  cylinder  I 
would  enlarge  the  flume  to  a  cross-section  of  say  six  times  that  of  the 
tunnel,  20  feet  wide  and  six  feet  deep,  and  carry  it  three  hundred  feet 
into  the  lake.  I  would  then  give  the  material  a  half  hour  to  settle.  I 
would  have  the  flume  carried  up  eight  feet  above  the  water  to  break  the 
seas.  Its  outer  end  would  be  closed  from  above  to  a  foot  below  water, 
and  from  below  to  within  a  foot  of  this,  thus  leaving  a  foot  openmg  be- 
low water.  This  is  to  arrest  anything  that  might  float  to  the  surface  or 
subside  in  this  half  hour,  to  be  dredged  out  for  the  farmers'  use  as  often 
as  may  be  required. 

As  the  quantity  of  sewage  increases  this  basin  system  may  be  extended 
if  found  to  work  well.  The  flume  will  be  floored  over  and  made  as  nearly 
air-tight  as  practicable,  and  ventilated  only  through  the  furnace  of  the 
■engine,  that  the  foul  gases  may  be  consumed. 

Now  to  meet  the  views  of  those  well-meaning  people  who  propose  to 
meet  the  difficulty  by  transferring  the  lake  to  the  other  end  of  the  river, 
all  we  have  to  do  is  to  reverse  the  engine  and  the  thing  is  done.  The  lake 
water  flows  back  to  the  wells,  and  taking  the  sewage  with  it,  overflows 
into  the  river,  through  which  in  a  week  or  two  it  would  reach  the  harbor 
of  refuge — where  all  may  be  saved  and  stored,  an  ample  ration — a  garden 
of  roses,  to  tickle  the  noses  of  the  coming  generation. 

Now,  gentlemen,  I  thank  you  for  patiently  listening  to  a  few  of  my 
ponderings  upon  this  question.  It  is  a  relief  to  me  to  unload  them  to 
make  room  for  other  freight.  I  have  sandwiched  it  in,  as  it  were, 
among  other  things  demanding  all  my  attention,  and  hope  the  gentle- 
men present  will  not  spare  the  gray  locks,  but  feel  at  liberty  to  catechise 
and  criticise  to  their  heart's  content. 

In  conclusion  I  will  say  that,  being  myself  on  the  retired  list — out  of 
the  market — it  can  hardly  be  thought  immodest  for  me  to  say  that  I  do 
not  think  it  necessary  for  our  city  to  go  abroad  for  engineering  talent  to 
cope  with  this  subject.  So  far,  home  talent  has  been  able  to  give  us  our 
sewers,  our  streets,  our  water-works  and  our  Viaduct ;  and  it  is  humiliat- 
ing to  our  city  and  our  club  to  say  that  neither  is  equal  to  a  solution  of 
the  simple  question  before  us. 
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NOTE   ON  LOWERING   A  LARGE   WATER  MAIN   WHILE   IN   USE. 


By  S.  Bent  Russell,  Member  St.  Louis  Engineers'  Club. 
[Read  Dec.  3,  1884.*] 


The  pipe  that  was  lowered  leads  from  the  stand-pipe  of  the  St.  Louis 
water- works  to  the  centre  of  the  citj'  and  considerably  more  than  half  the- 
water  consumed  by  the  city  passes  through  this  pipe  at  the  point  of  low- 
ering. The  grade  of  20th  street  in  the  two  blocks  between  Benton  street 
and  Maiden  Lane  having  been  changed  by  ordinance,  it  became  necessary 
that  the  grade  of  the  pipe  between  these  points  should  also  be  changed. 
The  pipe  is  of  cast  iron  in  twelve  foot  lengths,  thirty  six  inches  inside 
diameter,  with  sockets  or  bells  five  inches  deep.  Pipes  were  joined  by 
the  ordinary  lead  and  gasket.  A  pipe  length  when  full  of  water  will 
weigh  about  11,000  pounds.  A  deflection  of  fovir  inches  in  one  pipe 
length  will  open  or  draw  the  joint  about  one  inch. 

The  old  grade  of  20th  street  had  a  summit  at  North  Market  street^ 
which  lies  half  way  between  Benton  street  and  Maiden  Lane,  while  the 
new  grade  has  a  depression  at  this  point.  The  greatest  lowering  required 
was  at  this  place  and  amounted  to  6.3  feet. 

To  produce  the  least  possible  motion  in  every  joint  the  final  bed  of  the 
pipe  was  laid  out  in  vertical  reversed  curves.  The  total  fall  of  each  pipe 
having  been  determined,  the  fall  for  each  pipe  in  any  partial  lowering  was 
taken  with  a  certain  ratio  to  its  total  fall.  The  pipe  was  lowered  in 
five  stages,  being  one-tenth,  two-tenths,  two-tenths,  one-fourth  and 
one-fourth  respectively.  Each  temporary  bed  of  the  pipe  was  care- 
fully graded  under  the  pipe  and  of  the  full  width  of  the  trench,  leaving 
under  each  pipe  immediately  behind  the  bell  a  bench  three  to  four  feet 
long.  The  benches  were  then  removed  with  the  pick  by  working  them 
out  from  the  top,  not  allowing  any  one  of  them  to  be  cut  away  much 
faster  than  tlie  others.  As  soon  as  the  pipe  touched  the  temporary  bed, 
lowering  stopped  and  a  new  bed  was  prepared.  On  the  final  bed,  blocks, 
eight  inches  by  six  inches,  and  four  feet  long,  were  set  to  grade,  and  as 
soon  as  the  pipes  re.sted  on  them  wedges  were  driven  between  the  blocks 
and  the  pipes.  Removing  the  benches  in  the  last  lowering  occupied  about 
an  hour  and  a  half,  and  nearly  a  day  was  taken  for  each  stage  of  the 
work.    About  fifty-four  pipes  in  all  were  lowered. 

The  pressure  in  the  pipe  was  about  thirty- five  pounds  to  the  square 
inch,  and  the  pipe  was  not  shut  off,  but  continued  supplying  the  city 
during  the  operation.  The  pipe  line,  before  the  work,  was  slightly 
distorted  by  settling.  In  jjlan  it  contained  a  slight  reverse  curve.  The 
curvature  was  made  greater  as  the  pipe  was  lowered  the  first  three 
stages,  and  during  the  last  two  it  Avas  forced  towards  the  straight  line 
again.  The  irregularities  in  the  profile  were  corrected  gradually  as  the 
pipe  came  down. 

No  joint  was  drawn  a  half  inch  during  the  woi'k,  and  no  pipes  were 
broken.  No  leaks  other  than  a  very  slight  sweating  of  the  joints 
occurred. 

The  work  was  completed  Nov.  30th.  1884. 

*  Written  after  remarks  by  Mr.  Whitman,  Dec.  4, 1884.    See  minutes. 
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BOSTON    SOCIETY   OF    CIVIL    ENGINEERS. 


December  17,  1884  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engi- 
neers was  held  and  called  to  order  at  7 :45  P.  M. 

President  George  L.  Vose  in  the  chair,  twenty -eight  members  and   two  visitors 
present.     The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  Arthur  H.  Rowland  was  proposed  for  membership,  recommended  by  Messrs. 
F.  P.  Stearns  and  S.  Perkins. 

Mr.  Alex.  L.  Kidd  was  proposed  for  membership,  recommended  by  Messrs. 
Thomas  J.  Young  and  W.  H.  Bradley. 

Mr.  James  W.  SewaU  was  elected  a  meniber  of  the  Society. 

C.  W.  Raymond,  Major  of  Engineers,  U.  S.  A.,  read  a  paper  on  the  "  Anchorage 
Capabilities  of  Harbors  of  Refuge." 

Mr.  A.  E.  Burton  read  a  paper  on  the  "  Quincy  Granite  Railway." 

The  Society  was  invited  to  attend  the  meeting  of  the  Society  of  Arts  on  Thm-sday 
evening,  January  8,  1885,  by  George  F.  Swain,  its  Secretary,  when  Major  C.  W 
Raymond  would  read  a  paper  on  Boston  Harbor.  H.  L.  Eaton,  Secretary. 

[Adjourned.'] 

January  14,  1885  : — A  special  meeting  of  the  Boston  Society  of  Civil  Engi. 
neers  was  held,  and  called  to  order  at  7:40  p.  M. 

President  George  L.  Vose  in  the  chair,  twenty-one  members  and  four  visitors 
present.     The  reading  of  the  record  of  the  last  meeting  was  postponed  one  week. 

Mr.  Clemens  Herschel  read  a  paper  on  the  River  and  Harbor  BiUs  of  the  U.  S. 
Congress. 

Discussion  followed  by  Messrs.  Mitchell,  Raymond,  Carson  and  Brook. 

H.  L.  Eaton,  Secretary. 

[Adjourned.l 


ENGINEERS'  CLUB  OP  ST.  LOUIS. 


January  SI,  1885  :— The  Club  was  called  to  order  at  8:15  p.  M.  at  the  Mercan- 
tile Club  Rooms,  President  Robert  Moore  in  the  chair,  34  members  being  present. 

The  reading  of  the  minutes  of  last  meeting  was  dispensed  witli.  The  President 
repoi'ted  a  letter  from  the  Librarian  of  Mercantile  Library  in  regard  to  Scientific 
Works. 

The  following  gentlemen  were  proposed  for  membei'shii) :  Messrs.  F.  B.  Maltby, 
by  J.  A.  Ockerson  and  J.  B.  Johnson  ;  A.  J.  Sypher,  by  W.  B.  Potter  and  E.  A. 
Engler  ;  John  G.  Kelly,  by  Ed.  Flad  and  G.  Bagnall. 

Mr.  W.  Bouton  then  read  a  paper  on  "  Elimination  of  Errors  in  Field  Work," 
which  was  discussed  by  Messrs.  Johnson,  Holman  and  Constable. 

Mr.  Howard  Constable  then  read  a  paper  on  "  Water  Meters,"  exhibiting  a  vari- 
ety of  meters.     This  paper  was  generally  discussed. 

Mr.  Melcher  exhibited  a  copy  of  "  Steam  Making"  by  the  late  Prof.  Chas.  A. 
Smith,  which  has  just  been  published.  Thos.  D.  Miller,  Secretary. 

[Adjourned.} 
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IN    MEMORIAM.— PROF.    C.  A.    SMITH,  LATE   SECRETARY    OF  THE   ENGINEERS' 
CLUB  OF  ST.   LOUIS. 


At  the  meeting  of  the  St.  Louis  Engineers'  Club,  held  Dec.  17,  1884, 
Prof.  C.  M.  Woodward,  on  retiring  from  the  presidency,  spoke  as  follows  : 
[President  Robert  Moore  had  just  taken  his  seat.] 

Mr.  President— It  occurs  to  me  that  the  records  of  the  year  now 
closing  should  contain  a  more  detailed  notice  of  Prof.  Smith  than  is 
shown  on  our  minutes.  My  relations  to  Prof.  Smith  were  most  intimate 
for  23  years  ;  hence  I  can  speak  from  a  knowledge  which  no  other  mem- 
ber of  this  club  possesses.  I  submit  the  following  brief  sketch  of  his  life 
and  character  : 

Charles  A.  Smith  was  born  in  St.  Louis,  Oct.  1,  1846.  His  parents 
were  both  Massachusetts  people,  who  had  been  still  further  west.  From 
both  father  and  mother  he  inherited  the  instincts  of  a  sailor,  and  the 
blood  of  several  generations  of  shipmasters  coursed  through  his  veins. 
Though  he  never  became  a  sailor,  he  always  showed  a  sailor's  fondness 
for  "  fixing  things,"  for  using  his  hands,  for  actual  construction. 

While  he  was  yet  an  infant,  his  mother  died  of  cholera  in  St.  Louis,  and 
he  was  placed  in  the  care  of  his  father's  sister  in  Newburyport,  Mass. 
This  kind  aunt  was  his  mother,  and  her  house  was  his  home  till  he  had  a 
home  of  his  own.  His  mode  of  life  was  simple  and  plain,  but  young 
Smith  made  warm  friends,  and  his  boyhood  was  happy.  I  first  met  him 
in  1860,  when  I  became  principal  of  the  Boys'  High  School  of  Newburport. 
He  was  then  fourteen  years  old  and  a  member  of  the  second  class.  He 
was  a  pleasant  little  fellow,  with  a  frank,  earnest  look,  and  a  forehead 
which  suggested  brains.  When  the  school  gave  expression  to  its  loyalty 
to  the  Union  by  the  erection  of  a  liberty  pole  and  publicly  celebrated  a 
flag- raising,  young  Smith  was  selected  by  his  schoolmates  to  mount  the 
platform  and  haul  home  the  Stars  and  Stripes. 

The  school  had  a  very  good  theodolite,  and  when  we  came  to  Loomis's 
Surveying,  a  great  enthusiasm  for  field  work  was  developed,  and  young- 
Smith  was  never  so  happy  as  when  on  a  surveying  party.  He  took  the 
English  course  and  graduated  in  1862.  The  next  spring  he  went  into  the 
office  of  J.  B.  Henck,  Civ.  Eng.,  in  Boston.  At  that  lime  he  probably 
had  no  idea  of  going  to  an  engineering  school.  In  1864  he  was  leveler  on 
the  Boston,  Hartford  &  Erie  Railway.  In  1865  he  became  chief  assistant 
in  the  City  Engineer's  office,  Springfield,  Mass.  By  this  time  he  saw 
clearly  that  an  engineer  requires  a  training  far  beyond  a  high-school  edu- 
cation, and  he  resolved  to  enter  the  Mass.  Institute  of  Technology,  then 
first  opened.  He  had  been  reading  ahead  somewhat,  with  occassional 
help  from  me,  so  that  he  entered  what  was  organized  as  a  sophomore 
class.  He  lived  again  in  Newburyport,  and  went  80  miles  daily  on  his 
way  to  and  from  the  Institute.  President  Rogers  was  his  teacher  in 
physics.  Prof.  Runkle  in  mathematics  and  applied  mechanics,  and  Prof. 
Henck  in  civil  engineering. 

He  graduated  in  the  pioneer  class  in  1868.  I  never  quite  understood 
how  he  managed  to  meet  the  cost  of  his  course  at  the  Institute.  To  be 
sure,  he  had  carefully  saved  the  earnings  of  three  years,  and  he  secured 
for  his   vacations   most   excellent    employment    under    the    celebrated 
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hydraulic  engineer,  J.  B.  Francis,  at  Lowell,  Mass.  He  there  assisted  in 
•determining  the  flow  of  water  in  pipes,  over  weirs,  the  efficiency  of  tur- 
bines, etc.  I  left  Massachusetts  for  St.  Louis  in  1865,  so  I  did  not  follow 
•closely  his  career  as  a  student. 

After  a  year  as  engineer  on  the  Union  Pacific  Railway  in  Utah,  he 
returned,  on  the  completion  of  the  road,  to  Boston  and  went  into  partner- 
ship with  Prof.  J.  B.  Henck,  as  civil  engineers.  "While  thus  associated 
with  Prof.  Henck,  he  took  charge  of  the  Blue  Ridge  Railway  of 
J^orth  Carolina,  as  division  engineer. 

At  that  time,  in  1870,  the  steady  development  of  the  Polytechnic  School 
•of  Washington  University  made  it  necessary  to  appoint  an  instructor  of 
civil  engineering.  I  took  pleasure  in  recommending  young  Smith  for 
the  position,  and  he  was  appointed.  For  the  first  year  he  made  his  home 
in  my  family,  and  as  a  preparation  for  the  work  of  the  class  room  he  read 
with  me  Rankine's  Civil  Engineering  entire.  After  a  brief  experience  as 
instructor,  Mr.  Smith  was  appointed  professor  to  the  chair  of  Civil  and 
Mechanical  Engineering,  which  was  subsequently  named  in  honor  of 
"William  Palm.  This  chair  Prof.  Smith  held  till  June,  1883,  when  com- 
pelled by  his  last  illness  to  resign. 

Though  devoted  at  all  times  to  the  work  of  his  professorship. 
Prof.  Smith  found  time  to  mingle  in  matters  of  practical  engi- 
neering. For  five  years  he  was  consulting  engineer  of  the  Iron 
Mountain  Railway,  among  other  things  designing  the  De  Soto 
shops,  and  building  a  new  pier  in  the  Black  River.  In  a  similar 
way  he  was  associated  with  Messrs.  Shickle,  Harrison  &  Co.,  designing 
the  arched  ribs  of  the  roof  over  the  Chamber  of  Commerce,  and 
.the  iron  trestles  of  the  Bessemer  Iron  "W^orks.  Prof.  Smith  was  engaged 
as  consulting  engineer  for  the  construction  of  the  water  works  of  Han- 
nibal, of  St.  Charles  in  Missouri,  and  of  Amesbury,  Mass.  His  last  pro- 
fessional duties  were  in  connection  with  the  last  named.  The  pumping 
works  at  Richmond,  Va.,  were  designed  by  him,  his  plans  being  entered 
in  competition  and  receiving  the  first  prize.  In  1879  he  spent  his  summer 
vacation  as  resident  engineer  of  the  Baltimore  Bridge  Co.,  building  piers 
in  the  Mississippi  River  just  below  Minneapolis. 

Without  attempting  to  give  a  full  list  of  the  professional  enterprises  of 
Prof.  Smith,  I  have  said  enough  to  show  how  tireless  a  worker  he  was, 
and  how  closely  he  studied  the  practical  details  of  engineering.  But  it 
"was  in  connection  w^ith  this  club  that  his  devotion  and  enthusiasm  were 
most  fully  shown.  He  was  an  active  member  for  twelve  years,  and  the 
secretary  for  nine  or  ten  years.  The  club  has  not  always  been  as  flourish- 
ing as  it  is  now.  It  has  had  its  seasons  of  depression,  when  only  the  zeal 
and  the  courage  of  Secretary  Smith  seemed  to  hold  it  together.  Nothing 
but  the  direst  necessity  compelled  him  to  yield  at  last. 

The  fatal  malady  which,  in  the  shape  of  a  cancerous  tumor,  brought 
his  life  to  an  untimely  close  on  the  2d  of  Feb.,  1884,  was  born,  as  he 
thought,  of  hard  work,  of  exposure,  and  of  physical  neglect.  He  could 
scarcely  stop  to  eat  or  sleep  ;  it  was  work  first  and  comfort  last. 

Nothing  in  Prof.  Smith's  life  was  more  heroic  than  the  way  he  battled 
for  two  years  against  an  impending  fate.  When  too  weak  to  stand 
before  his  class,  he  taught  reclining  upon  a  lounge.     One  of  his  last 
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pupils  speak?,  in  a  notice  of  his  beloved  professor,  of  "  the  days  of  suffer 
ing  spent  in  his  study  in  the  university,  when  we  gathered  round  him  as 
he  lay  on  the  lounge,  unable  to  stind,  and  listened  to  his  exposition  of 
'Economic  Location,'  taking  as  a  basis  the  work  of  his  friend  Arthur 
Wellington." 

In  January,  1883,  he  was  forced  to  give  up  his  class  work  altogether, 
and  to  keep  his  room.  Still,  he  was  not  idle.  Lying  on  the  bed  or  re- 
clining in  an  easy  chair,  he  was  hard  at  work  upon  his  two  books,  "  Steam 
Making"  and  "  Steam  Using,"  which  are  just  now  being  issued  from  the 
press  of  the  American  Engineer,  in  Chicago.  The  first  was  finished  by 
the  end  of  1882.  and  arrangements  were  made  for  its  publication;  but  the 
prospect  for  the  second  book  was  gloomy  enough.  Nevertheless,  he 
worked  at  it  with  a  terrible  earnestness  which  no  unfavorable  symptom 
could  diminish.  Nay,  though  clinging  to  the  faintest  glimmer  of  hope 
of  returning  health,  he  toiled  at  his  book  with  the  resolute  air  of  one  who 
was  fully  conscious  that  his  days  were  numbered,  and  that  the  book  must 
speedily  be  finished.  In  spite  of  pain  and  the  dark  shadow  of  the  inevi- 
table, his  mind  seemed  clear  and  his  hand  steady.  In  the  spring  of  1883  he 
moved  back  to  Newburyport,  Mass. , to  be  near  his  physician  and  his  family 
friends.  There,  in  a  quaint  old  house,  in  a  quiet  neighborhood  of  that 
quiet  town,  he  finished  his  book,  laying  down  his  pen  and  the  burden  of 
life  at  the  same  time.  The  readers  of  "  Steam  Using"  may  be  glad  to 
know  that  the  author's  very  life's  blood  went  into  that  book — that  it  wa* 
the  last,  the  most  perfect  fruit  of  a  very  active  and  noble  life. 

Prof.  Smith  is  a  good  example  of  a  poor  boy  who  made  his  own  way^ 
who  fought  his  own  battles,  who  earned  and  honored  every  position  he 
took.  He  was  always  a  student.  Some  of  you  will  remember  with  what 
enthusiasm  he  studied  Quaternions  and  Thermodynamics  :  with  what 
zeal  and  success  he  read  all  that  he  could  get  on  Graphical  Statics,  and 
how  many  important  additions  he  suggested.  The  records  of  this  club 
probably  will  show  that  Prof.  Smith  has  presented  more  papers  than  any 
other  member,  past  or  present. 

As  an  engineer,  Prof.  Smith  was  bold  and  trustworthy.  His  confidence 
Avas  based  upon  sound  theory  and  careful  practice.  He  was  skillful  in 
preparing  estimates,  and  was  always  well  informed,  both  as  regards  the 
latest  improvements  in  engineering  and  the  best  methods  of  working  the 
materials  of  construction. 

These  accomplisliments  added  greatly  to  his  value  as  instructor  of 
young  engineers.  His  students  were  brought  very  close  to  engineering 
work.  Though  well  read  in  theory,  he  loved  to  dwell  on  the  details  of 
practice.  He  never  lost  an  opportunity  to  learn  a  new  process,  or  to 
study  a  new  machine.  He  used  to  tell  how,  while  resident  engineer  on  a 
road  in  New  England,  he  tried  his  hand  on  the  engine  of  the  construction 
train  till  he  was  able  to  "  stoke"  and  to  "  drive." 

Prof.  Smith  left  a  wife  and  three  children.  During  her  husband's  long 
and  discouraging  sickness,  Mrs.  Smith  was  better  than  a  faithful  nurse  ; 
she  brought  aid  to  his  self-imposed  labor,  and  hope  and  cheer  to  his  faint- 
ing spirit.  So  well  did  she  understand  the  nature  of  his  work  and  his 
needs,  and  so  helpful  was  the  assistance  she  brought,  that  it  is  not  too 
much  to  say  that  without  her  positive  co-operation  and  encouragement, 
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tlie  two  books  which  he  leaves  behind   would  never  have  been  fin- 
ished. 

I  will  not  speak  of  personal  losses.  I  prefer  to  feel  that  we  all  had 
much  to  be  thankful  for  in  Prof.  Smith,  and  the  nearest  had  the  most. 
Though  dying  in  his  38th  year,  Prof.  Smith's  memorj^  may  well  be  pre- 
served ;  the  world  is  certainly  the  better  for  his  having  lived  in  it. 


February  4,  188.5.— The  Club  was  called  to  order  at  8  p.  m.,  Vice-President 
McMath  in  the  chaii-,  thirty  members  being  present.  The  minutes  of  the  last  two 
meetings  were  read  and  approved. 

The  Executive  Committee  reported  the  names  of  the  following  gentlemen,  who 
were  unanimously  elected:  C.  W.  Clarke,  E.  L.  Foot,  F.  B.  Maltby,  A.  J.  Sypher 
and  John  G.  Kelly. 

The  Secretary  reported  receipt  of  a  copy  of  "Steam-making,  or  Boiler  Prac- 
tice," the  donation  of  the  publishers  The  American  Engineer.  On  motion,  the 
Secretary  was  instructed  to  extend  the  thanks  of  the  Club  to  The  American  Engi- 
neer for  the  valuable  addition  to  the  Club's  hbrary. 

The  following  gentlemen  were  proposed  for  membership  :  D.  E.  Condon,  by 
M.  L.  Holman  and  S.  B.  Russell  ;  John  T.  Desmond,  by  J.  A.  Ockerson  and  R.  E. 
McMath  ;  Preston  M.  Bmner,  by  W.  B.  Potter  and  E.  A.  Engler. 

Mr.  Wm.  Wise  then  read  a  paper  on  "  Mill  Cieek  Sewer,"  which  was  discussed 
by  Messrs.  Ockerson,  Holman,  Sedden,  Whitman,  Woodward  and  H.  C.  Moore. 

Mr.  J.  B.  Johnson  presented  discussions  of  creeping  of  rails,  by  Mr.  Theodore 
Cooper,  of  New  York,  and  Mr.  John  A.  Wilson,  of  Philadelphia. 

lAdjourned.'[  Thos.  D.  Miller,  Secretary. 
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February  3,  188.5.— The  203d  meeting  was  held  at  4  p.  m. 

President  Williams  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  Wright  read  a  paper,  the  "  Ventilation  of  Stables." 

The  Secretary  read  a  letter  from  Vice-President  Chanute,  containing  several 
suggestions  for  increasing  the  efficiency  of  the  Society. 

It  was  voted  that  these  recommendations  be  referred  to  a  committee,  which 
should  report  at  the  next  meeting. 

The  President  appointed  Messrs.  Morehouse,  Artingstall  and  Wright  as  this  com- 
mittee. 

Mr.  Cregier  offered  the  following,  which  was  adopted  by  a  rising  vote  : 

Resolved,  That  this  Society  has  heard  with  profound  regret  of  the  death  of  the 
late  John  B.  Jervis,  whose  eminence  in  the  domain  of  engineering  and  long  and 
successful  service  has  endeared  him  to  the  profession  everywhere. 

Resolved,  As  a  token  of  respect  to  the  memory  of  the  distinguished  dead,  that 
this  resolution  be  entered  upon  our  records. 

lAdjourned.'i  L.  P.  Morehouse,  Secretary. 


ENGINEERS'  CLUB  OF  MINNESOTA. 


January  9,  1885.— Regular  Meeting.  The  Club  was  called  to  order  by  the 
President,  eight  members  being  present. 

In  the  absence  of  the  Secretary,  the  reading  of  the  minutes  was  dispensed  with, 
and  E.  T.  Abbott  was  appointed  Secretary  pi'o  tern.  As  a  nimiber  of  members 
were  necessarily  absent,  it  was  voted  to  hold  an  adjourned  meeting  on  Friday,  Jan. 
1 6,  at  which  time  the  election  of  officers  was  to  be  the  special  order  of  business. 
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Mr.  W.  S.  Dawley  was  proposed  for  membership  by  Messrs.  de  la  Barre  and 
Angst. 

At  this  meeting  several  books  and  other  articles  were  presented  to  the  Club,  for 
which  the  Secretary  was  directed  to  return  thanks.  The  Club  then  adjourned  for 
one  week.  E.  T.  Abbott,  Secretary  pro  tem. 


January  16,  1885. — Adjourned  meeting.  The  club  was  called  to  order  by  the- 
Vice-President,  ten  members  being  present. 

The  records  of  the  last  two  meetings  were  read  and  approved.  Several  letters 
relating  to  the  library  of  the  club  were  read  by  the  Secretary.  Mr.  John  T.  Baker 
was  elected  a  member  of  the  club. 

The  club  then  proceeded  to  the  election  of  officers,  with  the  following  result : 

Pi-esident — George  W.  Cooley. 

Vice-President— E.  T.  Abbott. 

Secretary  and  Treasurer — Wm.  A.  Pike. 

Librarian — Wm.  W.  Redfield. 

Before  electing  a  secretary  it  was  voted,  that  in  view  of  the  great  amount  of 
work  falling  upon  the  Secretary,  that  he  be  exempt  from  all  dues  and  a,ssessmeuts. 

The  Secretary  was  directed  to  notify  all  members  in  arrears  and  request  remit- 
tances. Voted  to  request  the  President  to  prepare  a  list  of  committees  on  various 
engineering  subjects,  to  be  presented  at  the  next  meeting. 

Mr.  de  la  Barre  extended  an  invitation  to  the  club  to  attend  the  starting  of  the 
steam  machinery  of  the  Washburn  mUl,  to  take  place  February  25th. 

[Adjourned. '\  Wm.  A.  Pike,  Secretary. 


February  13,  1885  : — Regular  meeting.  The  Club  was  called  to  order  by  the 
President,  who  soon  gave  the  chair  to  the  Vice-President.  There  were  present  tea 
members. 

The  annual  report,  including  that  of  the  Treasurer,  was  read  and  accepted,  and 
Mr.  Abbott  was  elected  Auditor.     Voted  to  publish  the  report  in  the  Journal. 

The  following  committees  for  the  year  were  announced  by  the  President,  it  be- 
ing understood  that  at  the  next  meeting  these  committees  would  be  assigned  times, 
when  they  would  be  expected  to  furnish  reports  or  papers  : 

Finance — Pike,  Abbott,  Rinker. 

Library — The  Librarian,  President  and  Vice-President. 

Bridges — Angst,  Van  Duyee,   Kendrick,  Waitt. 

Railroads  and  Transjiortation — Rhame,  Rich,  Angst. 

Materials — Pike,  Kees,  Carr. 

Setvers  and  Drainage — Van  Duyee,  Rinker,  J.  T.  Baker. 

Engineering  Jxirisjyrudence — Abbott,  Rinker,  Sprague. 

Buildings— Kees,  De  la  Barre,  Libby. 

Rivers  and  Canals — De  la  Barre,  Newman,  Brooks. 

Streets  and  Paving — Rinker,  Pike,  Rhame. 

Surveying  and  Topography — Plummer,  Chapman,  Foss. 

Weights  and  Measures — Redfield,  Abbott,  Carr. 

Machinery — Waters,  Woolsey,  Redfield. 

Mines  and  Mining — Libby,  Pell,  Woolsey. 

Water  Supply  and  Rainfall — Sturtevant,  Waters,  Foss. 

The  Club  also  voted  to  add  the  following  committees,  which  were  referred  to  the 
President  to  fill  : 

Lighting,  Heating  and  Ventilation  ;  ElectHcal  Engineering,  and  a  committee 
on  miscellaneous  engineering  subjects  not  covered  by  above  list. 

Mr.  W.  S.  Dawley  was  elected  a  member  of  the  club,  and  the  following  gentle- 
men proposed  for  membership  :    D.  P.  Waters,   by  Messrs.    Cooley   and   Abbott ; 
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Walter  Pardee,  by  Messrs.  Cooley  and  Pike,  and  F.  H.  Todd,  by  Messrs.  Sturte- 
vant  and  Pike. 

The  Secretary  reported  the  donation  of  a  number  of  books  to  the  library,  and 
the  Committee  on  Library  was  directed  to  prepare  rules  to  govern  its  use. 

Mr.  de  la  Barre  then  gave  details  of  bids  for  building  a  plate-iron  bridge  over 
the  canal,  received  b)-  the  Minneapolis  Mill  Co. 

Voted  to  devote  the  next  regular  meeting  of  the  Club  to  the  discussion  of  the 
l)roposed  new  bridges  across  the  Mississippi  River  at  this  place. 

[Adjoxtrned.'i  Wm.  A.  Pike,  Secretary. 


ANN'UAL  REPORT   OF   THE   GOVERNMENT  OF  THE  ENGINEERS' CLUB   OF  MINNESOTA 

FOR   1884. 

Gentlemen :  It  was  our  misfortune  to  be  unable  to  report  at  the  regular  annual 
meeting  set  apart  for  the  election  of  officers  and  the  installation  of  a  new  govern- 
ment, and  in  presenting  at  this  late  day  the  annual  report,  in  accordance  with  a 
requirement  of  the  constitution,  we  ask  j^our  kind  indulgence  and  benevolence. 

A  short  history  of  the  formation  of  this  Club  was  given  by  our  predecessors  in 
office,  in  their  annual  report;  and  as  the  facts  in  the  case  are  well  known  to  most  of 
you,  we  abstain  from  a  repetition,  and  ask  your  attention  to  other  matters  and 
items. 

When  our  term  of  office  conuuenced,  the  meetings  of  the  Club  were  held  in  the 
rooms  of  the  Academy  of  Natvu^al  Sciences,  and  most  of  you  will  remember  the 
difficulties  under  which  we  assembled.  The  light  furnished  us  was  at  first  very 
primitive ;  but  at  the  request  of  the  Club  it  was  changed  to  brilliant  Minneapolis 
gas,  such  as  it  is.  The  arrangements  for  heating  were  also  of  a  low  order,  and  sev- 
eral of  our  number  made  characteristic  studies  on  the  combustion  of  fuel,  with 
special  reference  to  pine  slabs.  There  were  no  papers  read  on  the  subject,  but  we 
believe  that  several  of  the  members  made  heavy  gains  in  knowledge  and  experi- 
ence. 

Another  obstacle  to  enjoyment  of  the  privileges  of  the  rooms  of  the  academy  was 
the  one  key  held  by  one  member,  whose  absence  or  tardiness  caused  delay  and  vexa- 
tions which  resulted  in  several  curb-stone  meetings. 

Last,  but  not  least,  the  condition  of  our  treasuiy  demanded  a  cm-taDing  of  run- 
ning expenses,  and  after  four  months  the  club  again  changed  its  place  of  meeting 
to  the  committee  rooms  of  the  City  CoimcU,  obtained  through  the  kindness  of  Mr. 
Rinker,  our  ex-president. 

Several  committees  were  at  different  times  appointed  to  look  up  rooms,  but 
their  efforts  did  not  culminate  in  success  until  nearly  the  end  of  the  year,  when  the 
comfortable  and  well-located  room  in  which  we  meet  this  evening  was  secured, 
mainly  through  the  efforts  of  Messrs.  Abbott  and  Cooley,  to  whom  the  club  is  in- 
debted. Several  of  the  members  have  made  handsome  donations  for  the  furnish- 
ing of  the  room,  and  we  now  have  a  home.  Our  library  has  been  started,  and  with 
the  good-will  and  earnest  work  of  our  members  we  shall  not  fail  to  collect  in  time 
a  respectable  and  valuable  collection  of  books  and  papers. 

The  government  of  the  Club  for  the  past  year  has  done  its  best  to  bring  about 
success,  after  several  failures,  and  we  trust  the  result  may  be  satisfactory  to  all 
concerned. 

The  membership  of  the  Club  has  been  increased  by  the  election  of  the  following 
gentlemen,  viz. :  Messrs.  Newman,  Rich,  Woolsey,  Pell,  Pluramer,  Libby,  Carr,  Bar- 
rington  and  Brooks,  and  it  is  hoped  that  by  the  end  of  the  current  year  we  will 
have  attained  a  membership  of  not  less  than  fifty. 

The  Club  enjoyed,  during  the  year,  several  meetings  at  the  residences  of  mem- 
bers, where  the  evenings  were  spent  in  a  social  and  pleasant  manner,  adding 
attractions  to  our  Club  which  bi-ought  out  some  of  our  most  busy  members. 

The  most  important  and  commendable  actions  of  the  club  during  the  year  were 
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its  joining  of  the  Association  of  Engineering  Societies,  and  the  publication  of  our 
papers  in  the  Journal  of  the  Association,  and  it  is  hoped  that  through  this  means 
we  may  get  into  closer  communication  and  relation  with  other  engineering- 
societies. 

In  this  connection  it  is  proper  to  say  that  the  papers  read  at  the  Club  were  limited 
in  nimaber,  and  we  earnestly  recommend  that  every  effort  be  made  to  have  papers 
at  every  regular  meeting  It  is  true  that  most  of  us  are  so  occupied  with  the  labors 
and  duties  of  our  profession,  that  we  have  but  little  spare  time  to  devote  to  the 
often  tedious  task  of  preparing  a  paper  ;  yet  we  all  have  at  different  seasons  more 
orjess  idle  time,  which  should  be  given  to  our  advancement  and  that  of  oui*  pro- 
fession ;  and  how  can  this  be  better  done  than  by  the  cai'eful  and  conscientious 
preparation  of  a  paper  to  be  read  to  our  brother  engineers  ? 

During  the  months  of  September  and  October  no  meetings  were  held,  owing  to 
the  absence  of  many  members,  and  it  is  with  a  view  to  such  circumstances  which 
may  reduce  the  number  of  meetings  in  any  year  to  less  than  the  nmnber  of  months, 
that  we  earnestly  recommend  th'»  holding  of  semi-monthly  meetings.  Papers  may 
only  be  read  at  the  monthly  meetings,  while  at  the  others  the  Club  could  occupy 
itself  with  the  reading  and  discussion  of  articles  in  engineering  and  scientitic 
jjeriodicals,  or  with  the  discussion  of  public  or  city  affairs,  into  which  engineering 
or  scientific  features  might  enter. 

During  the  approaching  spring  and  summer  seasons  we  would  urge  the  Club  to 
arrange  and  carry  out  excursions  to  visit  in  ooj'pore  some  of  our  public  and  private 
institutions  and  works.  At  these  excursions  one  of  the  members  should  act  a.s 
guide  and  another  as  reporter,  the  report  being  read  and  discussed  at  the  following 
Club  meeting. 

By  discussing  in  the  ways  above  indicated  affairs  of  a  public  nature  involving 
engineering  questions,  we  may  be  able  to  earn  foi'  our  club  a  certain  prominence 
in  the  estimation  of  our  fellow-citizens,  which  would  be  acceptable  to  all  concerned, 
and  in  this  manner  become  a  valuable  and  respected  body  doing  good  service  for 
our  conunouwealth. 

Thanking  you  for  your  confidence  and  patience,  we  are 
Yours  very  respectfully, 

W.  DE  LA  Barre,  President. 
Geo.  W.  Cooley,  Vice-President. 
Wm.  a.  Pike,  Secretary  and  Treasurer. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  were  read 
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THE    SEPARATE    VERSUS   THE    COMBINED    SYSTEM    OF 
SEWERAGE, 

AS  EXEMPLIFIED  IN  THE   DRAINAGE  OF  HYDE   PARK. 


By  Benezette  Williams,  BIember  of  the  Western  Society  of  Engineers. 
[Read  February  17,  188.")  ] 


Since  the  completion,  six  months  ago,  of  the  report  upon  tlie  Drainage 
and  Sewerage  of  Hyde  Park,  made  by  Mr.  Cole  and  myself  to  the  Board 
of  Trustees  of  the  village,  it  has  been  our  intention — as  the  members  of 
the  Committee  on  Drainage — to  bring  to  your  notice  some  of  the  features 
of  the  plan  proposed  for  that  part  of  the  village  generally  known  as  tlie 
Calumet  region.  This  task  having  devolved  upon  me,  it  has  been 
defei-red  from  month  to  month,  Vk  ith  the  hope  of  having  more  time  at 
my  disposal. 

On  consideration,  I  have  concluded  to  extend  the  scope  of  the  undertak- 
ing somewhat  beyond  the  mere  description  of  the  proposed  plan.  The 
reasons  for  this  are  that  it  holds  an  important  relation  to  the  general  ques- 
tions arising  between  the  respective  advocates  of  the  separate  and  combined 
systems  of  sewerage,  as  well  as  to  some  of  the  special  questions  raised 
with  reference  to  the  sewerage  of  Kansas  City  that  was  discussed  in  a 
very  interesting  and  able  manner  before  the  Engineers'  Club  of  St,  Louis 
by  a  member  of  that  club,  Mr.  Robert  Moore,  and  an  honored  member  of 
our  society,  Mr.  Chanute.  This  discussion  was  (jublished  in  Volume  HI. 
of  the  Journal  of  the  Association  of  Engineering  Societies. 

The  description  of  the  Hyde  Park  plan  will  be  facilitated  by  making  an 
abstract  of  the  report,  which  will  partly  consist  of  appropriate  quotations 
therefrom. 

Hyde  Park,  a  municipality  organized  as  a  village  under  the  laws  of  thg. 
State  of  Illinois,  has  an  area  of  about  48  square  miles,  twelve  more  than 
the  city  of  Chicago.  It  is  twelve  and  one-quarter  miles  long  from  north 
to  south.  The  lakes,  Calumet,  Hyde,  and  Wolf,  in  the  southern  half  of 
the  village,  have  a  combined  area  of  about  five  and  one-half  square  miles. 
They  are  connected  with  Lake  Michigan  by  the  Calumet  River,  which  has 
a  total  leBgth  of  twelve  miles  within  the  village.     The  mouth  of  this  river 
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is  six  and  one-half  miles  distant  from  the  mletof  Calumet  Lake,  and  eight 
miles  from  the  .iunction  of  the  two  branches,  which  together  have  a  water- 
shed of  about  450  square  miles.  Its  depth  varies  from  eight  to  fifteen  feet, 
and  that  of  the  lakes  from  one  to  six  feet  at  ordinary  stages  of  the  water. 

The  most  notable  geological  feature  is  an  outcropping  of  lime  rock  in 
a  ridge  called  Stony  Island,  about  one  mile  north  of  Lake  Calumet.  This 
ridge  trends  in  a  northeasterly  direction  to  Lake  Michigan,  with 
occasional  outcroppings.  Elsewhere  throughout  this  region  the  bed 
rock  is  overlaid  with  drift  clay  of  varying  thickness,  and  this  is  again 
covered  with  sand  to  a  depth  of  from  one  to  eighteen  feet,  except  over  a 
strip  of  territory  west  and  north  of  Lake  Calumet,  between  Ninety-fifth 
street  and  One  Hundred  and  Thu'tieth  street,  where  the  clay  is  bare. 

Hyde  Park  is  made  up  of  many  scattered  communities,  as  South  Chi- 
cago, Grand  Crossing,  Woodlawn,  Pullman,  Kensington,  Cummings, 
Colehour,  Roseland,  Riverdale,  and  Hegewisch,  all  being  south  of  Fifty- 
ninth  street.  The  northern  part  of  the  village,  from  Thirty-ninth  to 
Fifty-ninth  street,  is  but  the  extension  of  the  City  of  Chicago  in  its  man- 
ner of  growth.  In  1880,  the  population  of  the  village  was  15,724,  though 
it  now  probably  exceeds  50,000. 

Pullman  alone  had  a  population  of  8,513  last  Octobf^r,  all  of  which  has 
been  added  since  1880. 

The  Calumet  region  offers  unsurpassed  facilities  for  manufacturing 
and  shipping,  the  Calumet  Harbor  being  second  to  none  on  the  lakes. 
Ten  trunk  lines  of  raih-oad  find  entrance  to  Chicago  across  this  portion  of 
Hyde  Park,  and  the  Western  Ind.  Belt  road  brings  all  others  centring 
in  Chicago  into  close  connection  with  it. 

The  territory  north  of  Fifty-ninth  street  has  main  sewers,  constructed 
on  the  combined  system,  discharging  into  Lake  Michigan,  the  ground 
lying  sufficiently  high  for  such  a  system. 

As  will  be  seen  on  the  map,  the  territory  south  of  Fifty-ninth  street 
has  been  divided  into  three  districts. 

The  Pullman  district,  comprising  the  territory  west  of  Lake  Calumet 
and  including  the  communities  of  Pullman,  Kensington,  Roseland  and 
Riverdale,  has  an  area  of  about  seven  square  miles,  and  is  for  the  most 
pai't  so  high  and  so  accessible,  to  both  lake  and  river,  as  to  be  readily 
drained  by  gravity.  Pullman  proj^er  already  has  a  system  of  storm- 
water  drains  discharging  into  the  lake,  and  a  separate  system  of  sewer- 
age extending  to  all  buildings  in  the  town. 

The  Hyde  Lake  district,  comprising  all  east  of  Lake  Calumet,  and 
south  of  the  proposed  ship  canal  at  Cummings  and  One  Hundred  and 
Fourteenth  street  east  of  the  river,  has  an  area  of  about  six  and  one-half 
square  miles,  exclusive  of  the  lakes,  and  is  for  the  most  part  marsh  land. 
Whenever  drainage  is  required,  an  extension  of  the  methods  employed  in 
the  district  yet  to  be  considered  will  be  suitable  for  this.  At  present^  the 
only  improvements  in  this  district  are  those  now  in  process  of  erection  at 
Hegewisch  by  the  United  States  Rolling  Stock  Company. 

The  Central  district,  comprising  all  the  territory  north  of  those  already 
mentioned,  and  south  of  Fifty-ninth  street,  extending  from  Lake  Michi- 
gan to  State  street,  contains,  exclusive  of  park  lands,  an  area  of  twenty- 
two  and  one-fourth  square  miles.   It  includes  the  flourishing  communities 
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of  South  Chicago,  Colehour,  Grand  Crossing,  Cummings  and  Woodlawn, 
besides  many  scattered  dwellings.  This  district  is  the  one  most  imme- 
diately in  need  of  drainage,  for,  besides  being  very  fiat  and  low,  it 
receives  upon  its  surface  the  storm  waters  of  an  area  of  twelve  square 
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miles  extent,  from  outside  its  own  limits,  lymg  in  the  towns  of  Lake 
and  Calumet.     Nearly  all  of  the  outside  territory^  has  an  elevation  of 
from  twelve  feet  to  ninety-five  feet  above  datum. 
The  average  elevation  of  the  whole  territory  of  22^  square  miles  in  the 
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Central  district,  including  the  Stony  Island  Ridge,  is  6  feet  above  datum. 
The  average  elevation  of  more  than  one  lialf  of  the  district  is  only  4.3 
feet  above  datum.  The  site  occupied  by  South  Cliicago  has  an  elevation 
of  4.5  feet.  The  average  elevation  of  Section  26  in  which  Grand  Crossing 
is  located  is  5.7  feet.  The  average  elevation  of  Section  35,  immediately 
south  of  Section  26,  is  4.2.  feet 

The  records  kept  by  the  city  of  Chicago  from  1854  to  1883,  inclusive, 
show  that  for  the  whole  period  of  thirty  years  the  average  level  of  Lake 
Michigan  has  been  1.9  feet.  The  average  level  for  two  years,  1858  and 
1859,  was  3  feet.  The  average  for  1876  was  2.6  feet,  and  for  lh83  2.4  feet. 
The  highest  monthly  average  was  3.8  feet,  and  the  liighest  daily  average 
4.7  feet.  Under  the  influence  of  winds  the  lake  has  sometimes  reached 
the  height  of  six  feet. 

The  report  recommends  the  establishment  of  two  pumping  stations  for 
the  Central  district,  located  as  shown  on  the  map  ;  and  that  storm  water 
and  sewage  be  kept  separate,  and  both  pumjjed.  The  storm  water  from 
the  Grand  Crossing  station  to  be  pumped  into  an  open  drainage  ditch, 
extending  on  the  line  shown,  from  Lake  Calumet  to  State  street,  which 
ditch  is  to  receive  by  gravity  all  the  drainage  from  12  square  miles  of 
territory  west  of  the  village  :  that  from  the  South  Chicago  station  being 
pumped  into  the  Calumet  River  ;  the  sewage  from  each  station  being 
pumped  on  to  land  that  may  hereafter  be  selected,  for  the  purpose  of 
purification. 

The  figures  given  above  show  that  for  thirty  years  Lake  Micliigan  has 
had  an  average  height  of  only  4. 1  feet  lower  than  the  average  of  this  dis- 
trict ;  that  its  greatest  recorded  yearly  average  has  been  but  3  feet  lower, 
its  greatest  recorded  monthly  average  but  3.2  feet  lower,  and  its  greatest 
daily  average  but  1.3  feet  lower  than  the  district.  Hence,  the  impossi- 
bility of  draining  it  by  natural  means  is  apparent,  unless  the  surface 
should  be  raised  a  sufficient  amount  for  the  purpose,  as  has  been  done  in 
portions  of  Chicago,  and  as  has  been  attempted  at  South  Chicago  during 
the  last  few  years.  To  adopt  the  plan  of  raising  the  streets,  the  report 
considers,  would  be  exceedingly  detrimental  to  the  interests  of  the  village 
in  many  ways,  beside  being  more  expensive.  Those  who  would  cite 
Chicago  in  justification  of  the  adoption  of  such  a  plan  are  referred  to  the 
following  comparison  between  the  two  cases  :  The  average  natural 
height  of  the  36  square  miles  comprised  within  the  present  corporate 
limits  of  Chicago  was  about  13  feet  above  datum,  while  the  22^  square 
miles  in  the  Central  district  of  Hyde  Park  have  an  elevation  of  only  6 
feet.  Only  13  square  miles  of  Chicago  were  less  than  10  feet  above  datum, 
and  these  had  an  average  of  height  of  8.5.  About  the  same  area  in  the 
Central  district  of  Hyde  Park  has  an  elevation  of  4.2  feet.  Twenty-three 
square  miles  of  Chicago  lie  between  10  and  25  feet,  having  an  average  of  16 
feet.  The  greatest  distance  that  it  is  necessary  to  drain  in  Chicago  is 
about  3J  miles,  with  the  ground  at  the  furthest  extremity  25  feet  above 
datum.  In  Hyde  Park  much  of  the  land  four  miles  from  either  lake  has 
an  elevation  of  only  six  or  seven  feet  above  datum,  and  one  extensive 
tract  which  is  more  than  two  mdes  from  the  lake  has  an  elevation  of 
only  one  or  two  feet  above  datum.  In  Chicago  the  lowest  tracts — which 
in  but  very  few  places  fell  as  low  as  six  feet — were  adjacent  to  the  river. 
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If  the  total  amount  of  filling  which  has  been  deemed  necessary  for 
Chicago  was  spread  over  its  whole  area,  we  estimate  that  it  would  not 
amount  to  more  than  two  feet.  If  the  portion  of  Hyde  Park  under 
consideration  should  have  one  deep  open  channel  cut  through  it  at 
about  Eighty-third  street,  and  the  ground  raised  ten  feet  over  the  whole 
terr  tory.  it  would  possess  no  better  facilities  for  drainage  than  Chicago 
with  the  radiating  branches  of  its  river,  and  its  streets  filled  as  has  been 
done.  The  amount  of  filling  required  to  do  this  would  be  five  times 
whiit  has  been  done  in  Chicago. 

The  pollution  of  the  Chicago  Eiver  has  become  so  great,  that  expen- 
sive works  have  been  carried  out  for  its  purification,  though  five  miles  of 
it  are  still  left  in  an  exceedingly  foul  condiiion. 

These  works  are  the  deepening  of  the  Illinois  and  Michigan  Canal,  the 
Fullerton  Avenue  conduit,  and  the  new  canal  pumping  works,  which 
have  cost  as  follows  : 

From  1866  to  1871,  the  deepening  of  the  Illinois  and  Michigan  Canal    $3,300,883.71 

From  1874  to  1878,  the  Fullerton  Avenue  conduit,  about 57'', 000 .00 

From  1881  to  1883.  the  New  Canal  Pumping  Works  275,576.20 

Total $4,151,459.91 

The  expense  of  deepening  the  Illinois  and  Michigan  Canal,  though 

originally  borne  by  the  city,  was  finally  paid  by  the  State. 

The  rated  caijacity  of  the  two  pumping  works  is  as  follows  : 

Fullerton  Avenue  works .    ,   .   1 ,440,000  cubic  feet  per  hour,  4  feet  high. 

New  Canal  Works 3.600,000      '■        '•  "  8         " 

Or  reduced  to  an  equivalent  of  1  foot  high: 

Fullerton  Avenue  Works 5,760,000      '■        '•  •'  1         " 

New  Canal  Works 28,800,000      "        •'  '•  1         " 


Total 34,560,';00      '•        "  "  1         " 

Assuming  that  the  pumps,  when  in  operation,  perform  but  one  third 
of  their  rated  work,  we  have  about  12  millions  of  cubic  feet  per  hour  one 
foot  high,  or  an  annual  work  of  105,120  millions  of  cubic  feet  one  foot 
high,  as  the  work  done  Ijy  them.  This  is  equivalent  to  pumping  f  of  the 
annual  rainfall — which  amounts  to  25  inches — from  36  square  miles  of 
territory,  and  3,415  millions  of  cubic  feet  of  sewage  19  feet  high. 
These  figures  are  given  to  show  that  even  in  Chicago,  where  the  reasons 
for  such  a  course  are  far  less  than  in  Hyde  Park,  the  plan  of  universal 
pumping  of  the  sewage  and  storm  water  would  not  have  been  much  or 
any  more  expensive  than  the  plan  that  has  been  adopted. 

For  storm-water  drainage  it  is  proposed  ultimately  to  conduct  the 
water  to  the  two  pumping  stations  through  underground  systems  of 
conduits,  one  main  conduit  being  so  located  as  to  connect  the  two 
pumping  stations,  and  to  afford  a  means  of  flushing  the  main  drainage 
ditch  throughout  its  w4iole  length.  It  is  proposed  that  lateral  drains 
should  be  built  only  on  East  and  West  streets,  thus  bringing  them  gener- 
ally one  eighth  of  one  mile  apart,  and  that  they  should  be  built  without 
house  connections — unless  it  may  be  with  down  spouts  outside  of  the 
houses.  The  ground  being  almost  uniformly  level,  should  such  a  sys- 
tem be  overcharged,  the  water,  instead  of  being  backed  into  houses, 
would  remain  on  the  streets  until  the  drains  have  time  to  remove  it. 

To  determine  a  safe  basis  for  fixing  the  capacity  of  the  drains,  the  rec- 
ord of  rainfall  made  by  the  U.  S.  Signal  Fervice  i»  Chicago  is  used.  The 
following  summary  is  for  12  years  from  1872  to  1883  inclusive.      It  gives 
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the  average  number  of  rainy  days,  and  the  average  rainfall  for  each 
month,  the  number  of  days  uj^on  which  the  rainfall  exceeded  the  limit 
given,  and  the  number  of  showers  exceeding  one  inch  in  magnitude  : 


Totals  and  averages  frc 

m  1872  to  1883  included. 

No.  of 
showers 

exceeding 
1  inch  in 

magnitude. 

Month. 

Average 

monthly 

rainfall  for 

12  years. 

Average 

No.  ol 

Rainy  days 

for  each 

month. 

12 
11 
14 
13 
12 
13 
11 
10 
10 
12 
13 
13 

No.  of  days  of  24  hours 

each  upon  which  the 

rainfall  exceeded  in  the 

12  years. 

lin. 

3 

4 

7 

13 

11 

13 

10 

9 

12 

13 

6 

5 

2  in. 

3  in. 

4  in. 

January  

1.87 
2.36 
2.79 
3.64 
4  05 
4  36 
3  90 
2.72 
3.00 
3,86 
2.89 
1.96 

1 

February  

3 

March 

6 

■Ipri) 

14 

May 

3 

1 
3 
1 
2 

1 
3 

9 

June 

13 

July 

August 

2 

1 

*        10 
8 

September.     .   

October 

1 

11 

12 

November 

December 

2 

6 
5 

37.40 

144 

106 

14 

5 

1 

98 

While  there  has  been  1  rainy  day  in  every  2i  days,  there  was  only  1  in 
41  when  the  rainfall  was  as  much  as  1  inch  in  24  hours,  and  but  1  in  313 
when  it  amounted  to  2  inches  in  24  hours,  and  but  1  in  876  when  it  vvas 
as  great  as  3  inches  in  24  hours,  and  but  1  in  13  years  when  the  amount 
has  equaled  4  inches  in  24  hours.  In  only  one  shower  has  the  rate 
of  precipitation  for  the  whole  duration  of  the  storm  been  f  of  an  inch  per 
hour.  There  have  been  but  two  or  three  showers  that  the  average  rate 
has  exceeded  i  of  an  inch  per  hour.  The  heaviest  rainfalls  have  invariably 
oocurred  during  the  summc-r  and  fall  months.  During  December,  January, 
February,  March  and  April,  the  rainfall  has  never  equaled  2  inches  in  24 
hours. 

From  the  above  and  other  considerations,  it  was  decided  to  recommend 
that  the  mains  be  proportioned  to  carry  j^^  of  an  inch,  and  the  laterals 
^  of  an  inch  rainfall  per  hour.  The  apparent  difference  in  capacity 
between  such  a  system  as  this,  and  one  designed  for  i  an  inch  rainfall 
per  hour,  is  1  to  6  ;  but  owing  to  certain  allowances  which  have  been 
made  in  the  formula  generally  used  in  proportioning  the  mains  for  large 
districts  in  a  combined  system  of  sewerage,  the  disparity  is  not  nearly  so 
great.  Thus  comparing  with  sizes  determined  by  Kirkwood's  and  Bazal- 
gett's  formula  for  large  districts  and  slight  inclinations,  such  a  system 
would  have  one-third  of  the  capacity  of  the  former  and  one-half  of  the 
capacity  of  the  latter.  Such  a  system  will  greatly  reduce  the  cost  of  the 
drains  and  of  the  pumping  machinery. 

The  sewerage  systems  which  are  to  be  distinct  from  the  stoi-m-water 
drains  are  to  centre  at  the  respective  pumping  works.  In  designing 
these  systems  the  basis  for  proportioning  the  sewers  is  to  be  as  follows  : 

Assuming  that  for  each  25  feet  of  front  there  are  5  persons,  and   that 
the  maximum  rate  of  water  used  is  120  gallons  per  person  in  24  hours,  o 
five  gallons  per  hour,  then  in  a   mile   of  street  there  will  be  about  10,000 
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gallons,  or  say  1,333  cubic  feet  of  sewage  per  houi*.  In  addition  to  this 
there  will  be  some  sub-soil  water  get  into  the  sewers,  and  in  times  of 
rain  some  surface  water  will  find  entrance  through  open  man-hole 
covers.  If  we  assume  this  to  be  one-half  of  the  sewage  proper,  we  will 
have  3.000  cubic  feet  per  hour  per  mile  of  street.  As  the  land  is  gener- 
ally subdivided  in  Hyde  Park,  there  are  16  miles  of  streets  upon  which 
the  frontage  shoul  1  be  counted  ;  hence  on  the  basis  assumed,  sewers 
should  be  proportioned  for  32,000  cubic  feet  per  hour  per  square  mile,  or 
50  cubic  feet  per  acre. 

When  a  sewerage  system  is  to  be  carried  out  over  a  wide  expanse  of 
level  territory,  it  is  difficult  to  get  self  cleansing  grades  for  the  sewers 
without  going  to  a  great  depth  at  the  lowest  point  of  the  system. 

This  ditficulty  is  an  unusually  serious  one  in  Hyde  Park,  where  it  is 
encountered  in  the  main  storm-water  drains  to  a  limited  extent,  but  far 
more  seriously  in  the  sewerage.  Below  the  sand,  which  extends  over 
nearly  all  the  central  district,  is  a  bed  of  drift  clay  of  the  character  of 
that  in  whicii  all  tunnel  work  has  been  done  in  and  about  Chicago.  It 
is  proposed  in  order  to  cheapen  the  work,  and  to  go  low  enough  for  self- 
cleansing  grades,  to  build  the  main  conduits  for  both  storm-water  drain- 
age and  sewerage,  and  a  considerable  part  of  the  sewerage  sub-main,  by 
tunneling.  To  do  this  the  grade  of  the  storm-water  conduits  will  have 
to  be  25  feet  below  datum,  and  of  the  sewers,  32  feet  below  datum  at  the 
Grand  Crossing  pumping  station,  and  perhaps  somewhat  deeper  at  the 
South  Chicago  station. 

As  the  drainage  and  sewerage  mains  can  usually  be  located  on  the 
same  line,  and  as  the  one  is  six  or  seven  feet  higher  than  the  other,  it  is 
possible  to  build  them  in  the  same  excavation,  one  ab  >ve  the  other.  The 
cross  sections  given  on  the  accompanying  j^lan  will  convey  a  good  idea 
of  the  form  of  construction  proposed,  when  the  two  mains  are  built  to- 
gether. This  can  only  be  done  with  profit  when  it  is  desirable  to  build 
both  mains  at  the  same  time.  If,  as  will  doubtless  often  be  the  case,  it 
is  necessary  or  desirable  to  build  the  sewerage  mains  earlier  than  the 
storm-water  mains,  the  work  can  still  be  done  in  tunnel,  by  making  some 
of  them  larger  than  the  capacity  required  to  carry  the  sewage. 

The  pumps  for  each  class  of  work  must  be  so  placed  that  they  can  pump 
down  to  the  bottom  of  the  mains  of  the  lespective  systems.  To  do  this 
properly,  it  will  be  necessary  to  place  the  pump  floor  ten  feet  below  datum. 

We  do  not  deem  it  necessary  to  provide  a  receiving  reservoir  for  the 
storm-water  drains,  but  intend  that  the  storm-water  pumps  shall  take 
the  water  direct  from  the  mains.  The  mains  leading  to  each  station  are 
to  convt  rge  into  one,  which  runs  parallel  with  the  building  at  an  increased 
depth,  from  which  the  pumps  can  draw. 

Neither  for  the  sewerage  mains  do  we  think  it  advisable  to  provide  a 
reservoir.  For  the  sake  of  giving  relief  to  the  pumps  and  of  dispensing 
with  pumping  at  night,  a  reservoir  of  sufficient  capacity  would  be 
extremely  desirable.  At  the  great  depth,  however,  necessary  in  this  case 
it  would  be  quite  expensive,  though  easily  obtained,  from  an  engineering 
standpoint.  All  that  will  be  necessary  is  to  build  galleries  by  tunneling 
a  little  lower  than  the  invert  of  the  sewers.  This  can  be  carried  on  to 
any  extent  desired  without  occupying  land. 
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If  cne  main  and  sub-main  sewers  are  built  by  tunneling,  as  they  should 
be,  they  will  be  much  larger  than  the  mere  requirements  of  flow  through 
them.  This  surplus  capacity  can  be  used  for  the  storage  of  the  sewage 
in  contingencies,  ond  it  will  be  cheaper  than  storage  that  can  be  obtained 
in  any  other  way.  The  only  serious  objection  that  can  be  urged  agains-l 
it  is  a  sanitary  one.  Though,  as  no  houses  will  be  connected  directly 
VI  ith  these  deep  sewers,  this  objection  can  be  mainly  overcome  by  trap- 
ping th  -  lateral  sewers  where  they  connect  with  the  sub-mains,  and  by 
their  thorough  ventilation  independently  of  the  laterals,  together  with 
ample  provisions  for  flushing  them. 

When  carried  out  to  completion  the  total  amount  of  storm  water  to  be 
pumped  by  each  station  will  equal  40,000  cubic  feet  per  minute.  When 
but  little  water  is  flowing  and  the  mains  are  nearly  empty— which  will 
ordinarily  be  the  case  at  the  beginning  of  a  storm — the  lift  for  storm 
water  will  be  about  twenty-five  feet,  as  a  maximum. 

In  storms  that  tax  the  capacity  of  the  pumps  and  mains,  it  is  expected 
that  the  water  will  rise  at  the  pumping  stations  to  within  eight  feet  ol 
datum — at  which  stage  the  drains  are  to  have  a  capacity  of  one-twelfth 
of  an  inch  per  hour — and  as  it  will  be  seldom  that  the  water  will  have  to 
be  lifted  to  a  greater  height  than  four  feet  above  datum,  it  is  safe  to  take 
the  lift  during  heavy  storms  at  about  twelve  feet. 

The  annual  work  of  the  pumps  is  estimated  as  follows  : 

The  average  annual  rainfall  for  twelve  years  has  been  thirty-seven  and 
one-half  inches.  If  we  assume  tl:fe.t  in  the  course  of  a  year  one-third  of 
this  escapes  by  evaporation,  there  will  remain  twenty-five  inches  t'j  be 
carried  off  by  the  drains.  This,  on  the  whole  area  of  twenty-two  and 
one-fourth  square  miles,  equals  1.292,000,000  of  cubic  feet  to  be  pumped 
to  the  average  height  for  the  year,  say,  of  fifteen  feet,  which  is  eqviivalent 
to  the  performance  of  about  37,000,000  of  horse-pow^r. 

The  class  of  pumps  best  adapted  to  tliis  work  is  doubtless  some  form 
of  rotary  pump,  with  direct-  cting  engines,  coupled  in  pairs.  The  cen- 
trifugal pump  being  b^"St  adapted  to  heavy  worK  under  low  head,  and  a 
po.sitive-actiug  rotary  pump  for  light  work  under  higher  head.  Owing 
to  the  irregularity  in  the  amount  of  water  to  be  jjumped,  the  pumps 
should  not  be  of  uniform  size. 

The  amount  of  sewage  to  be  pumped  will  generally  about  equal  the 
water  supplied  to  the  population  within  the  district,  though  at  times  it 
will  be  likely  to  be  much  greater  than  that  amount. 

Tiie  lift  will  depend  upon  the  distance  to,  and  the  elevation  of,  the  land 
selected  for  sewage  disposal,  and  upon  the  relative  size  of  the  main 
through  which  it  is  forced  to  its  destination,  as  well  as  upon  the  depth  ot 
the  sewers  at  the  pumping  works. 

Direct-acting,  compound,  condensing,  piston  or  plunger  piimps,  are  rec- 
ommended for  sewage  pumping. 

At  the  present  time  the  gre  iter  part  of  the  Central  district  is  unoc- 
cupied, so  that  the  thini?  moso  needed  is  storm-water  drainage  of  such  a 
character  as  will  render  the  lands  tillable  and  fit  for  occupancy.  Except 
in  the  more  thickly  settled  communities  st  werage  will  not  be  needed 
immediately.  Sui  face  drainage  is  proposed  by  means  of  open  ditches  for 
these  unoccupied  lands. 
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To  excavate  the  main  drainage  ditch  from  State  street  to  the  Calumet 
Lake,  to  open  up  other  main  ditches,  to  construct  dykes  and  flood-gates, 
to  build  the  two  pumping  stations  and  furnish  machinery  for  each, 
with  a  capacitj'  of  10,000  cubic  feet  per  minute,  is  estimated  to  cost 
$260,500.  After  this  is  done,  it  vvill  only  be  necessary  to  iocrease  the 
pumping  plant  as  the  permanent  system  of  drains  may  be  carried  out. 
While  the  lands  remain  unoccupied,  it  is  estimated  that  the  cost  of  run- 
ning the  pumping  plants  will  amount  to  $16,770  per  anoum,  which  is  equal 
to  .$  1.18  per  acre  per  annum. 

The  conclusions  regarding  sewage  disposal  are,  that  all  methods  in 
vogue  where  water-carriage  sewage  is  to  be  dealt  with  will  come  under 
one  or  another  of  the  following  heads  : 

1st.  Chemical  and  mechanical  precipitation  processes. 

2d.    Discharge  into  streams  or  bodies  of  water. 

3d.   Land  purification. 

The  processes  coming  under  the  first  head  are  numerou?,  and  have  had 
repeated  trials  in  Europe,  hut  without  any  of  them  securing  permanent 
recognition  as  being  suitable  for  general  application,  when  cost  and  the 
purity  of  the  effluent  water  is  considered.  Such  methods  are  not  now 
bein^  supplied  in  new  cases  to  any  great  extent,  and  they  have  few,  if 
any,  advocates  of  importance. 

The  discharge  of  sewage  into  streams  or  bodies  of  water,  is  the  method 
of  disposal  almost  universally  practiced  in  the  early  history  of  the  sewer- 
age of  European  and  American  cities,  the  nearest  water-course  being  put 
to  this  use  without  hesitation,  a  brook  or  a  sluggish  river  being  used  as 
free'y  as  the  ocean.  As  cities  have  increased  in  size  the  nuisance 
thus  created  has,  in  a  majority  of  instances,  become  intolerable. 
Numerous  instances  of  European  and  American  cities  are  given  in 
exemplification  of  this  proposition,  such  as  Boston,  Buffalo,  Philadelphia, 
Cleveland,  Toronto,  Providence.  Milwaukee,  Chicago,  and  many  other 
cities  of  less  importance  which  have  had  experience  in  the  polluting 
power  of  sewage,  and  are  now  endeavoring  to  find  deliverance  from 
themselves,  or  have  paid  dearly  for  the  deliverance.  There  has  as  yet 
been  no  case  of  a  city  of  the  size  of  Chicago  emptying  all  its  sewage  into 
a  body  of  water  similar  to  Lake  Michigan,  from  which  it  draws  its  water 
supply.  The  greater  portion  of  the  Chicago  sewage  has,  since  the  deep- 
ening of  the  Illinois  and  Michigan  Canal,  been  taken  down  the  canal. 
And  with  the  operation  of  the  Bridgeport  pumping  works,  a  still  greater 
portion,  probably  90  per  cent,  will  escape  in  that  direction.  Hence  sew- 
age discharge  into  Lake  Michigan  or  into  the  Calumet  Lake  or  river  is 
condemned.  Such  a  course  would  so  pollute  the  Calumet  Lake  and 
river  as  to  render  them  intolerable.  Large  quantities  of  sewage,  if  dis- 
charged into  Lake  Michigan  far  enough  from  shore,  would  probably  have 
no  worse  effect  than  to  reader  the  water  within  a  certain  compass  unfit 
for  potable  purposes,  and  such  a  course  would  not  be  objectionable  ex- 
cept for  this  reason,  provided  always  that  the  discharge  took  place  in 
deep  water,  and  far  enough  away  to  prevent  pollution  of  the  shore. 

In  the  organic  world  there  is  a  never-ending  process  of  building  up  and 
tearing  down  going  on;  the  inorganic  elements  of  the  earth  being  buil* 
into  organisms  which  live  for  a  time  and    die.     Under  proper  conditions. 
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after  death,  decomposition — the  resolving  of  the  organized  tissues  into 
their  original  inoi'ganio  elements,  or  into  some  stable  compound  of  a 
simpler  nature — sets  in,  and  continues  until  all  the  matter  has  lost  its 
organized  form.  In  their  healthy  state  the  organized  tissues  may  be  a 
wholesome  food,  but  in  some  of  the  stages  of  decomposition  the>  may  be 
extremely  unwholesome.  Then,  there  is  danger  of  disease  germs,  of  cer- 
tain kinds,  being  conveyed  through  the  medium  of  drinking  water  pol- 
luved  with  the  excreta  of  dise^ised  persons.  Though  scientific  men  are 
not  a  unit  in  the  belief  that  disease  is  likely  to  be  imparted  by  taking 
living  germs  into  the  stomach,  there  is  a  vast  accumulation  of  facts  that 
point  to  the  reality  of  the  danger.  Though  the  engineer,  as  such,  may  have 
notliiug  to  do  with  the  investigation  of  the  causes  of  diseases,  and  the  man- 
ner of  their  spread  and  propagation,  it  is  his  duty  to  avail  himself  of  the 
deductions  of  specialists  in  this  branch  of  science,  and  to  be  guided  by 
their  c inclusions  in  cases  of  this  kind.  He  should  also  give  heed  to  svich 
simple  facts  as  come  within  the  range  of  common  observation.  To  this 
class  outbreaks  of  sickness  caused  by  the  pollution  of  Lake  Michigan 
by  Chicago  sewage  belongs.  In  the  spring  of  1876  a  great  flood  swept 
the  contents  of  the  Chicago  River  and  its  branches  into  the  lake,  causing 
a  perceptible  contamination  of  the  water  supply.  According  to  the 
testimony  of  observant  physicians  this  was  followed  by  an  outbreak  of 
bowel  complaint,  particularly  among  chUdren.  Again  in  January  and 
February,  1880,  a  period  of  heavy  rains  was  followed  by  a  similar  result. 
At  other  times,  in  a  less  degree,  the  same  injurious  effects  have  been  ex- 
perienced, until  it  has  come  to  ba  a  well  recognized  fact  that  floods  pro- 
duce a  ma'-ked  pollution  of  the  water  supplied  to  the  city. 

The  history  of  land  purification  of  sewage,  both  by  sewage  farm- 
ing— when  the  crop  derived  is  the  main  object — and  by  what  is  termed 
"intermittent  downward  filtration" — when  to  the  amount  of  sewage 
purified  is  attached  the  greater  importance— is  briefly  reviewed. 

The  success  attained  in  land  purification  of  sewage,  interests  us  only  in 
its  sanitary  and  financial  aspects.  A  just  judgment  of  these  results  will 
give  the  greater  prominence  to  the  former.  The  great  error  made  by 
many  of  the  early  advocates  of  this  method  of  sewage  disposal  was  in 
emphasizing  too  strongly  the  financial  part  of  the  question.  Not  content 
with  a  sanitary  measure,  scarcely  self-sustaining  in  some  cases,  and  but 
slightly  mn-e  in  others,  they  made  fanciful  estimates  of  profits 
to  be  derived  from  sewage  farming,  which  have  not  generally  been 
realized.  In  a  sanitary  way,  experience  teaches  that  land  purification 
of  sewage  is  successful  on  the  whole.  The  only  cases  where  it  has  fallen 
short  are  those  where  the  land  is  not  properly  prepared  by  artificial  or 
natural  means  for  the  reception  of  the  sewage,  or  where  the  method  of 
distributing  the  sewage  is  defective,  or  where  gross  carelessness  has 
existed  in  the  management.  The  financial  results  have  been  very  diverse, 
Though  the  extravagant  expectations  of  its  early  advocates  have  not  been 
fully  realized,  a  good  degree  of  success  has  been  attained.  Indeed  it  may 
be  said  that,  in  the  light  of  experience,  as  much  has  been  realized  as  could 
reasonably  have  been  anticipated. 

In  deciding  upon  the  character  of  the  sewerage  system  to  be  adopted, 
our  aim  has  been  to  avoid  all  really  unsanitary  measures.   On  this  ground 
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the  exclusion  of  sewage  from  Lake  Michigan,  Lake  Calumet  and  the 
Calumet  River,  is  urged  with  all  the  force  of  a  positive  conviction,  that 
to  pollute  their  waters  will  be  a  mistake  that  should  not  be  condoned  on 
the  plea  of  ignorance,  economjs  or  of  necessity.  Such  a  plea  should  re- 
ceive no  more  consideration  at  the  present  day,  than  would  the  allegation 
tint  we  ought  to  adopt  the  ancient  habit  of  forming  middens  at  the  en- 
trances to  our  dwellings,  because  it  is  cheaper  than  mociern  sewerage.  To 
avoid  the  contamination  of  these  bodies  of  water,  it  is  necessary  to  keep 
separate  the  sewage,  and  storm  water;  hence  a  double  system  is  recom- 
mended, with  land  purification  of  the  sewage. 

It  is  impossible  to  give  with  assurance  the  ultimate  cost  of  carrying 
out  to  completion  the  system  of  drainage  and  sewerage  proposed,  for 
the  reason  that  there  are  too  many  unceetain  factors  entering  into  the 
problem,  such  hs  the  effect  of  the  quicksand  and  water  which  will  be 
encountered,  and  th*^  manner  of  growth  and  expansion  of  the  village. 
This  difficulty,  however,  attaches  to  any  plan  which  could  be  proposed. 
Nor  is  it  particularly  desirable  that  the  total  cost  should  be  given  now, 
provided  the  relative  cost  of  this,  and  some  alternative  system,  which 
would  be  practicable  under  ordinai-y  conditions,  is  known  ;  and  pro- 
vided the  village  can  have  the  assurance  that  no  unreasonable  or  extraor- 
dinary expense  is  to  be  blindly  incurred.  Such  an  assurance  can  best 
be  given  by  comparing  the  probable  cost  of  the  double  system  proposed 
with  the  ordinary  combined  system  of  sewerage  as  in  use  in  cities  sim- 
ilarly situated. 

In  Hyde  Park,  as  has  been  seen,  there  are  generally,  though  not  always, 
twenty- four  miles  of  streets  for  each  square  mile  of  territory-  sixteen 
miles  in  a  north  and  south  direction,  and  eight  miles  in  an  east  and  west 
direction.  To  cover  this  with  a  combined  system  of  sewerage,  similar  to 
the  one  carried  out  in  Chicago,  there  would  be  sewers  on  every  street 
running  north  and  south,  and  on  every  other  street  running  east  and 
west,  or  twenty  miles  of  sewers  to  the  square  mile.  For  storm-water 
drains,  as  proposed  by  us,  there  will  be  eight  miles  east  and  west,  and  one 
mile  north  and  south,  or  nine  miles  per  square  mile.  For  the  sewerage 
system  there  will  be  sixteen  and  one-half  miles  north  and  south,  and 
about  one  and  one-half  miles  east  and  west,  or  eighteen  miles  in  all. 
There  is  a  great  variation  in  the  cost  of  sewerage  for  different  cities,  as 
will  be  seen  from  the  following  statement  : 

In  the  beginning  of  1881  the  average  cost  of  a  combined  system  of 
sewei  s  in  Brooklyn  had  amounted  to  $25,600  per  mile.  In  Providence, 
R.  I.,  a  similar  system  up  to  the  same  time  had  cost  $34,550  per  mile.  In 
St.  Louis,  up  to  the  first  of  the  present  year  (1884)  the  cost  had  been 
$30,146  per  mile,  and  in  Kansas  City  $20,727  per  mile.  In  Chicago,  on 
January  1,  1883,  there  were  three  hundred  and  eighty  and  nine-tenths 
miles  of  sewers  that  had  cost  an  average  of  $15,458.42  per  mile.  A  sep- 
arate system  of  sewerage  in  Memphis,  Tenn.,  to  the  first  of  1884,  had 
cost  $6,875  per  mile;  in  Leavenworth,  Kan.,  about  $10,000,  and  in  Keene, 
N.  H.,  about  $7,000  per  mile.  At  Pullman,  the  separate  sjstem  has  cost 
something  less  than  $10,000  per  mile.  This,  however,  includes  the  more 
expensive  part  of  the  work.  When  carried  out  to  completion,  it  will 
probably  be  reduced  to  about  $8,000  per  mde. 
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Were  it  possible  to  build  a  combined  system  of  sewerage  in  Hyde  Park 
without  pumping,  the  system  v/oukl  still  be  more  costly  than  the  Chicago 
system,  owing  to  more  difficult  construction  and  to  the  territory  lying 
more  remote  from  the  outlets.  It  is  fair  to  presume  that  its  cost  would 
be  twenty  per  cent,  greater  than  for  Chicago,  or  say  $18,500  per  mile. 
This  would  make  the  cost  per  square  mile  for  a  combined  system 
$370,000. 

The  system  of  storm-water  drains  proposed  will  cost  considerably  less 
per  mile  than  an  ordinary  combined  system,  owing  to  the  smaller  size 
and  less  deptii  of  the  drains.  We  estimate  the  difference  in  cost  at 
twenty-five  per  cent.,  or  say  $14,000  per  mile  for  storm-water  drains. 
The  sewerage  system  will  be  likely  to  be  somewhat  more  expensive 
than  the  Pidlman  system,  owing  to  the  sandy  ground  and  greater  size  : 
this  we  place  at  $11,000  per  mile.  The  cost  of  the  drainage  and  sewer- 
age of  a  square  mile  of  territory,  on  the  double  systems  proposed,  is 
as  follows  : 

Nine  miles  of  storm-water  drains,  at  j(;i4,000 $126,000 

Eighteen  miles  of  sewers,  at  S11,000 198,0u0 

Or  a  total  of $324,000 

as  against  $370,000  by  the  combined  system,  a  difference  of  $46,000  per 
square  mile  in  favor  of  the  double  system,  which  on  twenty-two  and  one- 
fourth  square  miles  amounts  to  $1,023,500,  which  will  go  a  long  way 
toward  building  the  two  pumping  stations,  with  macliinery,  and  the  main 
outlet  ditch.  We  therefore  feel  fully  warranted  in  saying  that  the  double 
system  pro^iosed  by  us,  when  complete,  including  pumping  stations  com- 
plete, will  not  cost  materially  more  tha,n  a  single  combined  system  hav- 
ing a  gravity  discharge,  were  it  possible  to  construct  such  system,  and 
that  it  will  cost  much  less  than  the  combined  system  has  cost  in  many 
of  the  large  cities  of  the  country. 

Some  of  you  wiU  remember  a  paper  read  before  our  society  eight  years 
ago  by  Mr.  Frederick  Wilcox  Clarke — a  former  member — entitled  the 
Artificial  Drainage  of  the  Calumet  Marshes.  Mr.  Clarke's  paper  dealt  with 
the  same  district  substantially  that  we  have  been  considering.  Mr.  Clarke 
was  then  the  engineer  in  charge  of  the  proposed  work  of  draining  this  dis- 
trict. At  that  time  the  Calumet  region  had  not  assumed  the  importance 
that  itnow  possesses,  i  nd  the  only  thing  contemplated  was  a  system  which 
should  render  these  lands  suitable  for  agricultural  purposes.  Messrs.  E. 
S.  Chesbrough,  Wm.  Sooy  Smith  and  W.  H.  Clarke  were  consulted  with 
reference  to  the  plan  then  proposed,  the  outcome  of  which  was  a  report 
from  them  to  the  Board  of  Trustees  recommending  the  main  features  of 
vhe  plan  described  by  Mr.  Clarke,  which  included  the  establishment  of  one 
pumping  station  at  about  the  point  where  the  South  Cliicago  station  is 
slii'wn  on  the  map.  with  centrifugal  pumps  of  a  capacity  of  6,600  cubic 
feet  per  minute.  This  would  be  sufficient  to  remove  i  of  an  inch  rain- 
fall in  twenty-four  hours  ;  the  surface  ditches  at  the  same  time  to  have 
sto'  age  capacity  for  4  of  an  inch  rainfall,  making  one  inch  stored  and 
pumped  in  24  hours. 

The  striking  peculiarity  of  the  current  controversy,  relative  to  the  corn- 
par  t  five  economy  and  sanitary  merits  of  the  separate  and  the  combined 
systems  of  sewerage,  is  the  large  amount  of  irrelevant  testimony  produced, 
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and  the  erroneous  arguments  advanced  in  support  of  this  or  that  propo- 
sition. Tlie  more  thoroughly  one  becomes  acquainted  with  the  design 
and  construction  of  sewerage  under  the  evei'-varying  meteorological, 
geological  and  topographical  conditions  of  different  pax'ts  of  the  country, 
the  less  reliance  will  he  place  upon  comparisons  between  systems  of  dif- 
ferent kinds,  or  even  between  those  of  the  same  kind,  unless  he  can  have 
an  assurance  that  the  comparisons  have  been  made  upon  a  reliable  bHsis. 
To  do  this,  not  ooly  must  the  unknown  quantities  due  to  physical  differ- 
ences be  eliminated,  but  the  personal  factor  must  be  known.  For  in  any 
equation  expressing  equality  or  inequality  between  two  systems,  there  is 
an  important  personal  factor  which  usually  has  an  unknown  and  variable 
value.  In  the  matter  of  cost,  of  what  avail  is  it  to  compare  a  combined 
system  of  sewerage,  like  the  one  being  carried  out  in  Washington 
by  the  Engineer  Department  of  the  District  of  Columbia,  designed  for 
two  inches  of  rainfall  per  hour,  all  pipe  sewers  being  bedded  in  concrete, 
with  another  one  designed  for  ^  of  an  inch  rainfall  per  hour,  the  pipe 
sewers  being  bedded  in  the  ground  ;  or  to  compare  the  Memphis  separate 
system  of  sewerage,  laid  at  an  average  depth  of  six  feet,  with  one  whose 
least  depth  is  six  feet  and  greatest  sixteen?  To  say  that  a  combined 
system  of  sewerage  in  Kansas  City  has  cost  $20,727  per  mile,  one  in  St. 
Louis  $30,146  per  mile,  and  so  on  through  the  whole  list,  while  the  Mem- 
phis separate  system  has  cost  but  $6,875  per  mile,  and  that  separate  sys- 
tems elsewhere  have  cost  from  $7,000  to  $10,000  per  mile,  gives  no  ade- 
quate idea  of  what  system  will  be  found  cheapest  to  adopt  for  a  particular 
place  when  all  the  conditions  of  present  and  prospective  necessity  of 
storm-water  drainage  shall  have  been  considered. 

I  believe  I  am  safe  in  asserting  that,  taking  the  various  cities  and 
towns  of  the  country  promiscuously,  it  will  be  found  that  in  75  per  cent, 
of  them  the  instigating  cause  of  their  moving  at  all  in  the  matter  of 
sewerage  is  the  pressure  to  secure  storm-water  drainage,  and  that  in  not 
to  exceed  25  per  cent,  of  the  cases  is  the  desire  for  sewerage  more  than 
of  secondary  importance.  Hence  the  futility  of  comparing  figures  that 
on  one  side  include  this  storm-water  drainage,  with  others  that  wholly 
ignore  it. 

What  is  to  be  learned  in  a  sanitary  way  by  comparing  a  badly  designed, 
poorly  constructed,  and  ill  maintained  combin'-d  system  of  se'werage  with 
a  separate  system  made  as  perfect  as  modern  art  will  adow  ? 

What  does  it  prove  to  say  that  the  death  rate  of  Memphis,  with  its 
separate  system  of  sewerage,  was  for  1881,  42  1  per  1.000  ;  for  1883,  80  9 
per  1,000,  and  for  1884,  37.1  per  1,0U0  of  population,*  and  that  the  death 
rate  was  only  21  per  1.000  in  St.  Louis  with  its  combined  system  during  the 
sametime?  Or  that  Pullman,  with  a  double  system,  one  for  sewage  and 
one  for  stoma  water,  has  had  a  death  rate  of  only  7  per  1,000  since  it  was 
founded?  Is  this  difference  betweer  Pullman  and  Memphis  due  to  a 
system  of  storm-water  drains  which  the  one  has,  and  the  other  has  not? 
Clearly  not,  any  one  must  admit.  But  to  maintain  that  it  is,  would  be 
just  as  logical  as  much  of  the  reasoning  indulged  in  to  prove  the  supe- 
riority of  one  system  over  another.     Baltimore  has  a  death  rate  as  low 

*  See  Kansas  City  Sewerage  and  S  parate  versus  the  Combinert  System,  in  Journal  of 
the  Association  of  Engineering  Societies,  Vol.  in.,  pp.  74,  85  and  189. 
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as  any  city  of  its  size  in  the  country.  Can  it  be  due  to  the  general  use  of 
privy  vaults,  and  almost  an  entire  lack  of  sewerage  ?  J^'ew  sanitary 
engineers  would  be  bold  enough  to  answer  this  in  the  affirmative. 

Thus  far  the  irrelevant  in  the  controversy.  Is  there,  then,  nothing  to 
aid  one  in  forming  a  correct  judgment  upon  this  subject  'i  I  believe 
there  is,  if  it  is  only  approached  in  a  scientific  manner,  with  a  clear 
understanding  of  terms,  and  by  recognizing  fully  what  is  included  in  the 
word  sewerage  when  applied  in  the  popular  sense. 

It  we  would  avoid  confusion,  we  should  remember  that,  strictly  speak- 
ing, drainage  is  the  removal  of  storm  water  from  the  surface  of  the 
ground,  and  from  the  subsoil;  and  that  sewerage  is  the  removal  of  waste 
substances  from  d  wellings,  manufactories,  and  other  buildings  by  means 
of  water  flowing  in  underground  conduits.  And  further,  that  when  these 
two  purposes  are  wholly  accomplished  by  one  system  of  conduits  we 
have  the  full  combined  system  of  sewerage,  and  that  when  it  is  done  by 
two  systems  of  conduits,  one  for  sewage,  and  one  for  storm  water,  we 
have  the  double  system,  though  in  one  sense  it  might  appropriately  be 
called  the  separate  system. 

When  there  is  but  one  system  of  conduits,  used  exclusively  for  sewage 
we  have  the  separate  system  in  the  cheap  and  j^opular  conception  of  the 
term. 

In  addition  to  the  above  distinctions,  we  have  further  differences, 
growing  out  of  the  completeness  of  the  combination,  or  of  the  extent  to 
which  two  systems  of  conduits  may  be  carried  out.  Thus,  only  water 
from  roofs  may  be  admitted  with  sewage,  throughout  the  wliole  system  ; 
or  water  from  roofs  may  be  admitted  only  to  the  lateral  sewers,  wliile 
that  from  ground  surfaces  as  well  is  taken  into  the  mains  :  in  either  of 
which  cases  we  have,  strictly  speaking,  a  partially  combined  system  ; 
though  when  only  water  from  roofs  is  admitted  it  is  usually,  but.  as 
it  seems  to  me.  iucorrecily,  spoken  of  as  a  separate  system. 

There  may  also  be  one  system  of  conduits  for  sewage  removal,  and  a 
partial  system  for  storm  water,  in  which  case  we  would  have  a  double 
system  in  part.  Or  roof  water  only  may  be  admitted  with  the  sewage, 
while  a  partial  system  of  storm-water  conduits  are  used  for  the  surface 
drainage  of  the  ground. 

Again,  there  are  often  circumstances  under  which  a  combined,  or  a 
partially  combined,  system  may  be  appropriately  used,  with  storm- 
water  overflows  into  a  natural  drainage  channel,  into  which  it  would 
not  do  to  discharge  the  constant  flow  of  sewage.  This  may  be  called  an 
intercepting  system. 

With  such  a  variety  of  combination  and  separation — examples  of  all 
of  which  are  to  be  seen  in  this  country — the  futility  of  the  comparisons 
of  the  separate  and  the  combined  systems  which  are  often  indulged  in, 
becomes  still  more  apparent  than  may  have  appeared  at  first  glance. 

So  far  as  I  am  aware,  there  is  no  statistical  evidence  to  show  that  one 
system  of  sewerage  is  to  be  preferred  to  another  onsanitaiy  grounds.  In 
the  absence  of  such  statistics,  our  conclusions  must  be  drawn  from  cer- 
tain well-known  laws,  from  partially  or  wholly  unverified  hypotheses, 
from  personal  experiences  as  colored  by  our  individuality,  and  sometimes, 
it  must  be  confessed,  from  self-interest. 
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As  it  is  tlie  combined  system  alone  chat  is  seriously  impeached  on  such 
grounds,  the  controversy  bep^ins  with  it,  and  will  end  only  when  its  sani- 
tary, or  unsanitary,  qualities  shall  have  been  thoroughly  established.  I 
believe  that  the  following  statement  contains  all  the  charges  of  anj^  mo- 
ment that  have  ever  been  brought  against  this  system: 

1st.  The  interior  surfaces  of  the  sewers  being  greater  than  in  a  separate 
system,  and  being  exposed  to  fluctuations  of  storm  water,  an  accumu- 
lation of  sewage  matter  takes  place  thereon,  which,  after  the  water  has 
seceded,  decomposes. 

2d.  The  cross-section  being  greater,  ventilation  is  less  perfect  than  it 
would  be  in  a  smaller  sewer. 

3d.  Owing  to  the  greater  cro?s-seciion  than  is  needed  for  the  dry- 
weather  flow  of  sewage,  the  sewage  spreads  over  more  surface  ;  that 
is,  it  has  a  less  hydraulic  mean  depth,  and  hence  less  scouring  action  than 
it  would  have  in  a  more  confined  chaanel. 

4tli.  Dead  ends  of  the  sewers  being  larger,  they  cannot  be  as  readily 
flushed  as  in  a  separate  system. 

5th.  The  incUnations  for  a  combined  system  being  sometimes  calcu- 
lated on  the  basis  of  the  sewers  carrying  ^  or  i  their  capacity,  while  the 
dry-weather  flow  may  be  only  ^V  to  ^\j  of  their  capacity,  the  velocity 
during  their  minimum  flow  is  insufficient. 

6th.  Street  detritus  and  rubbish  admitted  through  street  inlets  form 
deposits  in  the  sewers. 

To  these  objections  the  following  answers  may  be  made  : 

1st.  It  requires  but  a  limited  acquaintance  with  the  innoxious  character 
of  the  slime  that  is  to  be  found  on  the  sides  of  a  sewer  above  the  water 
line  to  break  the  force  of  this  objection.  Besides,  it  would  apply  with 
almost  equal  force  to  a  system  of  exclusively  storm-water  drains. 

2d.  How  ventilation  can  be  more  thorough  in  a  smaU  channel  than  in 
a  large  one  it  is  difficult  to  conceive,  if  the  openings  for  ventilation  are 
anywhere  nearly  proportioned  to  the  capacity  of  the  sewers.  Indetd,  the 
larger  sewer  will  do  with  less  openings,  and  still  be  ventilated  as  well  as 
the  smaller  one,  because  of  the  freer  circulation,  and  because  the  pro- 
portion of  sewage  to  the  area  of  the  sewer  is  less;  and  hence,  everything 
else  being  equal,  less  gas  is  given  off  in  proportion  to  its  area. 

3d.  A  cross-section  for  main  sewers  can  be  and  is  frequently  used  that 
will  give  as  great  a  hydraulic  mean  depth  for  the  dry-weather  flow  as  a 
small  pipe  can  give.  "When  sewers  are  designed  for  an  ordinary  amount 
of  storm  water,  the  common  egg  shape,  with  the  invert  made  of  suitable 
material,  will  accomplish  this  end.  When,  as  at  Washington,  the  storm 
water  provided  for  is  excessive,  the  section  adopted  by  the  Engineer 
Department,  which  is  the  usual  egg  shape,  with  a  half-pipe  invert,  fills 
every  requirement. 

Owing  to  the  fact  that  the  smallest  pipe  u^ed  in  a  sejiarate  system — six 
inches — is  much  in  excess  of  the  requirements  of  flow,  while  in  a  com- 
bined system  this  is  not  the  case  to  the  same  extent,  the  disparity  of  size 
in  lateral  sewers  is  not  so  great  as  in  the  mains.  Usually  a  full  com- 
bined system  would  require  a  12-inch  or  a  10-inch  pipe  where  there  would 
be  a  6-inch  in  a  sejiarate  system.  And  a  system  receiving  only  roof 
water  would  require  a  9-incli  or  an  8-inch  pipe  where  there  would  be  a 
6-inch  in  the  separate  system. 
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The  following  table  gives  the  velocity  in  feet  per  second,  the  maximum 
depth  in  inches,  and  the  hydraulic  mean  depth  in  inches,  for  circular  pipe 
sewers  of  various  s'zes,  each  having  an  inclination  of  ^^  per  100  feet  when 
each  sewer  is  carrying  about  i  of  a  cubic  foot  per  second,  which  is  the 
amount  discharged  by  a  6-inch  pipe  having  the  inclination  given,  when 
running  half  full : 

Maximum  Hydraulic 

Size.  Velocity.  depth.  mean  depth. 

6" 2  70  3.0  1.50 

8" 2.67  2.6  1.48 

9" 2.66  2.5  1.47 

10" 2.«3  2.4  1.44 

12" 2.55  2.Z  1.39 

15" 2  50  2.1  1.32 

18" 2.46  2.0  1.24 

It  is  thus  seen  that,  iu  passing  from  a  6-inch  pipe  to  a  12-inch  one,  the 
velocity  is  decreased  5^;  per  cent.,  the  maximum  depth  36f  per  cent.,  and 
the  hydraulic  mean  depth  7^  per  cent.  For  other  inclinations  the 
percentages  will  run  about  the  same,  which  certainly  does  not  indicate 
as  great  an  advantage  in  the  small  pipes  as  one  would  be  led  to  expect 
from  the  claims  put  forth  for  them. 

4th.  If  a  pipe  6  inches  in  diameter  can  be  flushed  with  a  given  quantity 
of  water,  either  automatically  or  otherwise,  a  pipe  of  a  larger  diameter 
can  be  flushed  in  the  same  way  with  a  proportionately  larger  amount  of 
water  and  larger-sized  flushing  apparatus. 

5th.  It  is  a  suflicient  answer  lo  this  objection  to  say,  that  if  in  a  given 
case  suitable  inclinations  can  be  obtained  for  a  separate  system  of  sewer- 
age, exactly  the  same  inclinations  can  be  had  for  a  combined  system. 

6th.  This  objection  must,  under  conditions  of  sliglit  incUnations,  be 
admitted  to  be  of  considerable  weight,  though  just  how  much  weight  it 
should  have  it  is  difficult  to  determine.  With  inclinations  that  give 
velocities  sufficient  to  prevent  the  deposit  of  road  detritus,  the  objection 
does  not  hold,  nor  does  it  have  application  where  only  w^ater  from  roofs 
is  admitted. 

As  an  ( iffset  to  the  evil  of  deposit  in  a  combined  system  of  sewerage, 
it  is  legitimate  to  oppose  the  advantage  which  it  has— particularly  on  the 
pipe  sewers— of  being  thoroughly  flushed  by  the  sudden  admission  of 
water  from  roofs  during  every  considt^rable  rain.  One  may  readily  be  a 
full  offset  to  the  other  under  like  conditions  of  design  and  construction. 

It  is,  therefore,  my  serious  conviction  that  no  sanitary  defects  hstve 
been  pointed  out  iii  the  combined  syst-m  of  sewerage,  that  are  not  neu- 
tralized by  corresponding  advantages,  and  that  it  should  not  be  excluded 
from  use  in  those  places  where  it  is  the  cheapest  and  most  convenient 
thing  to  adopt. 

The  magnitude  of  the  acknowledged  defects  of  the  combined  system, 
no  one  knows  with  certainty.  Indeed,  being  largely  subjective,  and 
hence  dependent  upon  the  state  of  mind  of  the  individual,  it  may  take 
on  any  proportions  within  the  reach  of  the  imagination  ;  just  as  the 
question  of  the  propriety  of  using  water-closets,  baths,  wash-bowls,  etc., 
in  our  dwellings  is  wholly  dependent  upon  individuality.  There  are 
persons  who  are,  in  the  main,  well  qualified  to  give  advice  on  such  sub- 
jects who  will  condemn  the  use  of  such  fi.\tures  ;  while  some  of  us  know, 
from  actual  experience  and  close  observation,  that  such  condemnation  is 
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uncalled  for,  and  that  it  is  perfectly  safe  to  use  them  when  properly 
and  honestly  put  in  place. 

If  these  conclusions  are  correct,  we  may  use  with  propriety  any  one  of 
the  systems,  or  combination  of  systems,  where  the  conditions  are  such  as 
to  make  it  applicable.  In  the  sewerage  of  any  place  we  have  then  only  to 
consider  its  needs  ;  to  what  extent,  if  any,  the  storm  water  must  be  carried 
in  underground  conduits  ;  where,  and  how  it  can  be  discharged  ?  what 
can  be  done  with  the  sewage  consistent  with  the  conditions  of  the  case, 
and  our  best  sanitary  knowledge ;  and  the  mechanical  means,  if  any, 
that  are  to  be  employed  in  its  disposal.  These  things  being  known,  and 
their  conditions  complied  with,  the  only  thing  to  consider  in  the  choice 
of  a  system  is  cost.     This  will  lead  to  a  wide  variation  of  practice. 

Thus,  supposing  in  a  given  case,  sewage  and  storm -water  can  be  dis- 
posed of  together,  by  gravity  discharge  in  the  nearest  place  of  outfall, 
then  if  it  is  necessaiy  to  resort  to  underground  carriage  for  storm  water, 
the  combined  system,  or  a  partially  combined  system,  will  be  the  best 
and  cheapest  to  adopt.  The  only  exception  to  this  rule  that  can  pos- 
sibly arise  is  where  the  territory,  as  in  Hyde  Park,  is  very  flat  and  ex- 
tended. In  such  a  case,  as  shown  by  the  estimate  of  cost  of  the  Hyde 
Park  drainage,  a  slight  saving  may,  in  some  places,  be  made  by 
the  use  of  a  restricted  system  for  storm  water,  though  it  would  be  ac- 
complished at  the  sacrifice  of  other  advantages  afforded  only  by  a  com- 
bined system  of  sewerage,  such  as  the  possibility  of  every  house  having 
a  single  connection  with  the  sewers  through  which  both  storm  water 
from  roofs,  as  well  as  sewage,  can  be  carried,  and  the  possibility  of  a 
prompt  removal  of  surface  water  from  the  streets  under  all  conditions. 
Simplicity  would  also  be  sacrificed  by  the  double  system. 

If,  however,  owing  to  the  manner  of  sewage  disposal  to  be  adopted,  the 
sewage  must  be  pumjjed,  or  used  in  irrigation,  or  treated  chemically,  or 
carried  an  extraordinary  distance  to  the  out-fall,  then  it  will  generally  be 
the  best  and  cheapest  to  use  the  separate  system,  with  or  without  a 
partial,  or  a  complete  system  of  storm-water  conduits. 

The  exception  to  this  rule  is  found  when  a  suitable  place  near  at  hand 
can  be  had  for  the  overflow  of  surplus  storm  water,  so  that  an  inter- 
cepting system  can  be  adopted. 

The  statement  that  a  combined  system  of  sewerage  is  cheaper  than  a 
separate  system,  under  the  limitations  given,  is  based  upon  the  well-known 
fact  that  other  things  remaining  the  same,  the  cost  of  sewers  of  different 
sizes  increases  in  a  i-atio  but  little  greater  than  the  increase  in  their 
diameters,  while  their  capacity  increases  in  a  much  greater  ratio  than 
the  squares  of  their  diameters;  so  that  it  maybe  said  to  be  an  axiom,  that 
I  believe  can  never  be  successfully  gainsaid,  that  with  the  conditions  of 
ordinary  practice,  if  a  given  amount  of  sewage,  and  a  given  amount  of 
storm  water,  are  to  be  conducted  along  a  particular  street  through  under- 
ground channels,  it  can  be  done  cheaper  in  one  channel  than  in  two. 
At  any  rate,  this  axiom  does  not  seem  to  be  invalidated  by  the  criticism 
of  Mr.  Gray's  report  on  "A  Sewerage  System  for  the  City  of  Provi- 
dence," made  by  Col.  Waring  in  the  American  Architect  of  January  24, 
where  he  says  : 

"  It  is  not  easy  to  conceive  of  conditions  requiring  the  sewers  for  storm  water 
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I'emoved,  and  the  removal  of  house  drainage  to  be  coextensive;  consequently  the 
suggestion  that  '  the  cost  of  the  entire  combination  will  usually  exceed  the  cost  of 
a  combined  system,'  cannot  be  accepted  as  a  vaUd  argument.  There  is  no  instance 
recorded  of  the  greater  cost  of  the  sewerage  of  a  city  by  the  separate  system  than 
by  the  combined  system,  and  it  is  doubtful  whether  one-half  of  the  cost  has  ever 
been  reached." 

If  the  latter  p  irt  of  this  statement  of  Col.  Wariug's  were  true  in  fact, 
it  would  hardly  pi-ovrt  what  he  desires  that  it  should,  for  it  can  be  met 
by  the  further  fact  that  no  city  in  this  country,  used  to  modern  citj' 
improvements,  and  unfavorably  situated  for  natural  drainage,  has  ever 
adopted  the  separate  system  without  making  ample  and  expensive  pro- 
visions for  the  underground  removal  of  storm  water.  Nor  is  it  likely  that 
such  a  case  ever  will  occur,  unless  it  may  be  in  the  waj^  of  an  exjienment 
that  will  not  last  when  jiut  to  the  test. 

Col.  Waring,  however,  is  mistaken  in  his  facts.  The  double  sysem  at 
Pullman  consists  of  a  sewerage  system,  and  another  system,  co-exten- 
sive with  it,  used  exclusively  for  storm-water  drainage.  The  system  for 
storm-water  drainage  is  as  complete  in  all  essentials,  and  has  cost  as 
much,  as  a  combined  system  would  have  cost  draining  into  the  same 
outfall;  so  that  here,  at  least,  the  total  cost  of  draintige  and  sewerage  is 
greater  than  the  cost  of  a  combined  system,  by  the  amount  of  the  whole 
cost  of  the  sewerage  proper. 

At  the  risk  of  ijidulging  in  apparent  I'epetition,  I  desire  to  say  that 
neither  Col.  Waring  nor  any  other  advocate  of  the  separate  system  as 
cheaper  at  all  times  and  in  all  places,  has  evf^r  advanced  an  argument 
tending  to  alter  the  conclusion,  that  a  given  quantity  of  sewage  and  a 
given  quantity  of  storm  water  can  be  carried  at  less  expense  in  one  con- 
duit than  in  two,  and  that  all  the  arguments  used  for  the  all-time  and 
all-place  cheapness  of  this  system  start  with  the  fallacy  of  either  ignoring 
storm-water  drainage  entirely,  insisting  that  it  can  be  accomplished 
through  special  means  at  a  cost  next  to  nothing,  or,  if  the  combined 
system  is  suggested,  persisting  that  all  storm  Avater  must  be 
taken  into  the  sewers,  whether  or  no  ;  allowing  none  of  the 
makeshifts  with  this  system  that  are  extolled  as  of  wonderful  virtue 
wdien  yoked  to  the  separate  system.  Until  it  can  be  shown  that  a  make- 
shift, good  with  one  system,  is  not  good  with  another,  and  that  if  it  is 
possible  and  convenient  to  dispense  with  the  underground  carriage  of 
storm  water  in  one-  part  of  a  city,  when  a  distinctively  separate  system 
is  in  use.  it  would  not  be  possible  and  convenient  to  do  the  same  thing, 
for  the  same  part  of  the  same  city,  if  a  partially  combined  system  was  . 
in  use  :  or  that  the  advantage  of  so  doing  would  not  accrue  to  one  system 
as  largely  as  to  the  other,  for  that  particular  part  of  the  city.  It  certainly 
seems  that  the  financial  arguments  for  the  separate  system  should  be 
dropped  except  in  special  cases,  and  entire  attention  given  to  those  of  a 
sanitary  character,  in  which  differences  of  opinion  can  exist  with  less 
violence  to  our  logical  faculties. 

Whether  or  not  I  have  succeeded  in  maKing  clear  to  you  the  futility 
of  discussing  the  relative  economy  of  the  combined,  and  separate  systems, 
without  regard  to  all  the  attending  circumstances;  whether  or  not  the 
erroneousness  of  many  of  the  arguments  used  to  prove  this  or  that 
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proposition  is  apparent  to  you,  I  have  at  least  succeeded— perhaps  at 
your  expense — in  clearing  up  some  doubts  touching  the  subjects,  that 
were  in  my  own  mind  previous  to  studying  the  Hyde  Park  problem. 


VENTILATION  OF  STABLES. 


By  Augustine  W.  Wright,  Member  op  the  Western  Society  of  Engineers. 
[Read  February  ,3,  IS8.5.] 


About  six  years  ago,  it  became  my  duty  to  prepare  plans  for  a  stable  to 
contain  two  hundred  horses  engaged  in  the  street  railway  service  of  this 
city.  These  horses  spend  about  twenty  of  the  twenty-four  hours  per 
diem  in  the  stable.  The  horse  is  a  sensitive  animal,  and  bis  diseases 
closely  resemble  many  of  those  under  which  his  master,  man,  suffers.  I 
enlarged  upon  this  fact  in  a  paper  that  I  had  the  honor  to  read  before  you, 
entitled  ''Stable  Construction,"  in  July,  1884,  and  I  trust  you  were  so 
convinced  of  these  facts,  that  it  is  not  now  necessary  to  say  more  upon 
that  subject.  Realizing  the  paramount  importance  of  ventilation,  I 
desired  to  ascertain  the  proper  amount  of  air  to  provide  for  each  animal. 
I  turned  to  my  engineering  library,  and  consulted  book  after  book,  in 
vain,  for  the  desired  information.  I  then  went  to  one  of  the  prominent 
engineers  of  this  city,  and  asked  him  "  How  much  air  does  a  horse  breathe 
per  minute  ?" 

He  said  :  "  Well,  I  don't  happen  to  remember  just  now,  but  about  the 
same  amount  as  a  man."  I  thought  it  must  Ije  greater,  and  turned  to  the 
Public  Library,  where  I  examined  every  book  that  I  thought  might  con- 
tain the  information,  but  could  not  find  it.  Not  disheartened  at  my 
failure,  I  looked  through  half  a  dozen  other  leading  works  upon  the 
horse,  but  could  not  secure  the  coveted  information,  althouoh  Stone- 
henge  contained  the  following:  "By  common  consent,  it  is  allowed 
that  no  stable,  divided  into  stalls,  should  give  to  each  horse  less  than  800 
or  1,000  cubic  feet ;"  and  the  Civil  Engineers  and  Architecis'  Journal, 
1841,  page  103  :  "  The  committee  of  the  Academy  of  Paris,  to  whom  the 
question.  What  is  the  quantity  of  air  necessary  for  the  healthful  respira- 
ation  of  the  horse  ?  was  referred  by  the  Minister  of  War,  reported  that  in 
a  building  where  the  air  is  properly  renewed,  and  that  result  is  effected 
by  a  skillful  and  efficient  system  of  ventilation,  a  horse  can  never  suffer 
so  long  as  he  has  from  25  to  30  cubic  meters  of  air,"  883  to  1,060  cubic  feet. 
These  statements  did  not  solve  the  problem.  I  had  arranged  already  to 
give  each  horse  1,216  cubic  feet  of  space,  but  I  desired  to  know  how 
mnch  air  2^er  minute  he  imist  have.  I  now  turned  to  the  medical  pro 
fession,  and  to  a  well-known  doctor  propounded  the  question  :  "How 
much  air  dops  a  horse  breathe  per  minute  ?"  He  said  :  "  He  breathes — 
he  breathes  (hesitating) — well,  I  don't  remember  just  now."  T  asked  in 
vain  four  other  physicians,  and  veterinary  surgeons.  All  stai'ted  to  answer 
the  question,  hesitated,  and  finally  said  they  did  not  remember,  but  would 
look  it  up.  This  they  did  in  vain.  One  said  he  had  a  friend,  a  physician,  in 
the  country,  who  was  greatly  interested  in  the  horse,  and  no  doubt  he  would 
know  ;  but  he  couid  not  answer,  and  I  was  perforce  compelled  to  assume 
a  certain  amount  and  made  my  ventilators  6'  X  6'  on  plan,  tapering  to 
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4'  X  4',  and  20' height,  allowing  one  such  for  each  forty  horses.  Assum- 
ing that  air  expands  j^ij  of  its  volume  per  degree  Fahrenheit,  and  that  it 
is  winter  weather,  the  interior  of  the  stahle  being  15  degrees  warmer 
than  the  exterior  air — for  in  my  opinion  the  horse  enjoys  better  health  if 
the  stable  temperature  varies  only  10  to  20  degrees  from  the  exterior  air 
than  he  does  in  a  hot  stable — the  air  inside  the  stable  would  lose  iB 
weight  20  X  jiu  =  .61'-3  foot.  That  is,  it  would  be  lighter  than  the  outside 
air  by  the  weight  of  ;i  column  of  air  .61 2  foot  high.  The  velocity  with 
which  the  outside  column  would  try  to  get  in  at  the  base  of  this  shaft 
would  be  governed  by  the  same  law  as  that  of  a  body  falling  through  the 
sjmce    o(    this    excess    of    height.     The    formula    for    this    velocity    is 

V  =  V  2  g  h.  g  representing  the  force  of  gravity,  here  32  about,  and  h 
the  height  or  space  through  which  the  fall  is  made ;  substituting,  we 

have  V  =  8  y  0.612  =  6  26  cubic  feet  per  second  ;  but  we  must  deduct 
from  <his  amount  the  loss  by  friction  of  the  air  against  the  sides 
of  one  ventilator.  Being  a  straight  box  with  smooth  sides,  this 
loss  will  probably  not  exceed  0.3  of  6.26  cubic  feet,  say  1.90  cubic 
feet.  Deducting  this  amount  from  the  former  leaves  4.36  cubic 
feet  per  second  passing  through  each  ventilator  ;  multiplying  by  8,600, 
the  number  of  seconds  in  one  hour,  and   dividing  by  40,  the  numb  r  of 

horses  supplied  by  the  said  ventilator,  - — -r—^ —  =  393.4    cubic  feet    per 

hour  per  horse,  as  supplied  under  the  forgoing  conditions.  In 
summer  the  doors  and  windows  are  open;  and  as  most  of  my  stables 
have  light  and  air  from  four  sides,  through  many  openings,  there  is  no 
trouble  about  ventilation  at  that  time  of  year,  I  located  my  gas  burners 
that  light  the  stable  under  the  said  ventilators.  The  part  they  perform, 
assisting  in  the  ventilation,  is  important.  There  are  two  four-feet  burners 
under  each  ventilator.  The  quantity  of  heat  envolved  by  the  combus- 
tion of  a  cubic  foot  of  ordinary  illuminating  gas  is  estimated  at  700  heat 
units.  The  two  burners  would  therefore  evolve  2  X  4  X  700  =  5,600  heat 
units  per  hour,  or  93.3  per  minute.       The  specific  heat  of  air  is  0.238 

552 
nearly.  A  cubic  foot  of  air  at  45°  weighs  552  grains  ■—-  =  .0789    lb.,  so 

that  to  ascertain  how  many  cubic  feet  of  air  at  45"  would  be  heated  1  °  by 

burning  two  four-feet   burners  per  hour  we  have  '   7^-5^5  =49.701 

cubic  feet,  or  15.696  cubic  feet,  the  amount  passing  through  as  per  above 

estimate,  heated  3.1°.      Air  expanding  -g-  for  each  1°  of  temperature, 

we  see  here  additional  power  to  carry  off  the  impure  air.  These 
figures  apply  to  the  ventilator  provided  to  carry  off  the  impure  air. 
Provision  is  made  to  admit  fresh  a'r  through  flues  beneath  the  floor,  ex- 
tending clear  across  the  stable,  vvith  an  exterior  opening  at  each  end,  cov- 
ered with  iron  grates,  to  exclude  rats,  etc.  Its  cover  is  perforated,  so 
that  the  air  is  broken  up  and  admitted  without  drafts.  The  mangers  on 
each  side  are  boarded  up  44  inches  high,  affording  additional  protection 
to  the  horse  a2;ain8t  drafts.  Fhe  ventilator  above  the  roof  was  first  built 
with  slats  on  its  four  sides,  like  ordinary  blinds,  moved  by  ropes  extend- 
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ing  to  the  first  floor  to  regulate  the  amount  of  opening  ;  but  we  found  it 
impossible  to  prevent  doumward  drafts,  chilling  the  horses.  I  then 
changed  the  construction  ;  took  out  the  slats,  and  put  in  a  slide  with  an 
angle  board  inclined  at  4o^  on  the  four  sides.  The  wind  is  thereby  de- 
flected upward.  These  slides  are  moved  by  ropes  extending  io  the 
ground  floor,  and  we  no»v  have  no  trouble  from  a  current  in  the  wrong 
direction.  I  would  also  state  that  I  built  numerous  air  flues  in  the  brick 
walls  at  first,  but  had  to  stop  ihem  up.  as  the  current  passed  through  in 
the  wrong  direction.  Instead  of  going  out,  cold  air  came  down,  and 
bl'wing  upon  the  ad.^acent  horses,  chilled  them. 

Si  ime  months  since  the  Boston  Journal  of  Chemistry  opened  its  columns 
for  '•  Questions  and  Answers"  to  matters  of  general  interest.  Recogniz- 
ing the  eminent  ability  of  Dr.  Nichols,  and  believing  that  amid  its 
numerous  readers  were  many  among  the  owners  of  the  fourteen  millions 
of  horses  possessed  by  this  country,  I  propounded  my  so  often  asked 
question,  "  How  much  air  does  a  horse  breathe  per  minute  ?"  It  wa&not 
answered  until  the  January  number  of  the  present  year  contained  an 
editorial  entitled  "Ventilation  of  Stables,"  from  which  I  quote  :  "Accord- 
ing to  authorities  on  ventilation,  a  man  makes  twenty  inspirations  of  air 
per  minute,  each  inspiration  being  of  a  volume  equal  to  40  cubic  inches  ; 
so  that  he  requires  800  cubic  inches  per  minute  of  fresh  air  to  supply  him 
with  the  necessary  health-giving  pabulum  for  his  lungs.  Each  expira- 
tion unfits  for  breathing  twice  the  bulk  of  fresh  air ;  that  is,  the  800 
cubic  inches  expired  per  minute  contaminate  1,600  cubic  inches  of  fresh 
air,  or  nearly  a  cubic  foot.  Hence,  in  round  numbers,  a  man  requires  a 
cubic  foot  of  fresh  air  per  minute,  or  60  cubic  feet  per  hour.  *  *  * 
A  horse  or  cow  is  said  to  have  six  times  the  breathing  capacity  of  a  man  ; 
so  that  it  will  require  360  cubic  feet  per  hour. 

These  figures  agree  quite  closely  with  the  amount  I  furnish  each  horse, 
as  above  stated,  393.4  cubic  feet. 

According  to  Pettenkoffer,  an  average  pair  of  human  lungs  exhale 
about  15  cubic  feet  of  air  per  hour,  but  authorities  differ  as  to  the  proper 
amount  of  fresh  air  needed  to  keep  the  air  in  a  fit  state  of  purity.  Peclet, 
calculating  from  the  quantity  of  carbonic  acid  produced,  says  5  cubic 
feer  per  minute  per  individual.  Reid,  adding  for  an  amount  to  carry  off 
all  the  contaminations  resulting  from  human  life,  says  10  cubic  feet. 
Arnott  and  Roscoe,  30  cubic  feet  per  minute.  Worthen  allows  3  cubic 
feet  per  minute.  Haswell  states  :  "  Each  person  requires  from  3  to  4 
cubic  feet  of  air  per  minute."  Box  considers  3|  cubic  feet  per  minute  the 
minimum  quantity  necessary  for  cleanly  and  healthy  persons.  Philbreck 
thinks  50  cubic  feet  per  minute  the  proper  allowance,  and  Dr.  Billings 
allowed  60  cubic  feet  per  minute  in  the  Johns  Hopkins  Hospital.  Curtis, 
in  his  "  Fresh  Air  in  the  House,"  states  :  "  The  mean  number  of  respi- 
ration* per  minute  in  the  case  of  1,407  healthy  males  was  found  to  be 
eighteen.  *  *  *  Then,  if  we  take  330  cubic  inches  for  the  quantity 
of  air  necessary  to  a  man  of  medium  height  for  each  breath  and 
multiply  this  by  the  number  of  respirations  per  minute,  we  shall  get 
something  like  the  quantity  required  and  which  will  give  us  3.39  cubic 
feet  as  the  fullest  measure."  Surgeon- Major  F.  de  Chaumont,  in  a  paper 
"  On  the  Theory  of  Ventilation,"  estimates  the  cubic  feet  of  air  needed  per 
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individual  per  hour,  calculated  from  Angus  Smith's  estimate,  that  the 
amount  of  carbonic  acid  expii-ed  per  hour  per  individual  =  0.450,  at  from 
530  to  2,460  cubic  feet  ;  by  Dr.  Parkes'  form'ula,  CO.  =  0.600,  from  700  to 
3,280 ;  by  Pettenkofer's  estimate.  COo  =  0.705,  from  825  to  8,850.  He  adopts 
Dr.  Parkes'  formula.  Seven  hundred  cubic  feet  per  hour  per  individual 
gives  "a  very  close  atmosphere  ;  8,280  cubic  feet  '  fresh,'  no  appreciably 
different  sensation  from  the  outer  air."  Gen.  Morin,  by  actual  experi- 
ment, found  "  different  numbers  of  cubic  meters  of  air  per  hour  are  re- 
quired for  different  purposes.  In  hospitals  for  ordinary  illnesses,  60  to 
70  per  hour,  for  each  patient  ;  the  wounded  require  100.  Per.-ons  suffer- 
ing from  epidemics,  150.  In  prisons  50  are  enough.  In  ordinary  work- 
shops, 60.  In  barracks — by  day,  80  ;  by  night,  from  40  to  50.  In  theatres, 
40.  In  stables  and  stalls,  180  to  200."  These  figures,  being  in  cubic  meters,^ 
must  be  multiplied  by  31.3156  to  reduce  them  to  cubic  feet.  Having 
done  this,  we  find  that  from  989  cubic  feet  for  the  individual  in  the 
barracks  to  4,697  cubic  feet  for  the  wounded  are  deemed  necessary  for 
each  individual  per  hour  by  Gen.  Morin,  and  from  5,687  to  6,263  cubic 
feet  per  hour  for  each  horse.  The  English  army  regulations  at  the  pres- 
ent time  are  said  to  allow  to  each  horse  a  ?pace  of  1,605  cubic  feet,  100 
squire  feet  of  floor  and  2,466  cubic  feet  of  fresh  air  per  hour.  Philbreck, 
in  his  admirable  work,  "American  Sanitary  Engineering."  states  :  "  The 
standard  of  ptxrity  (of  the  air)  must  be  a  conventional  and  arbitrary  one. 
fixed  by  experience  and  adapted  to  the  class  of  occupants  by  whom  a 
building  is  to  be  used."  Applying  these  words  to  stable  ventilation,  per- 
mit me  to  affirm  that  experience  demonstrates  that  o^r  ventilation  is  suf- 
ficient. R.  Atkins,  Superintendent  of  the  Horse  Department  North  Chi- 
cago City  Railway,  re^jorts  :  "The  number  of  horses  owned  at  the  pres- 
ent time,  1,658  ;  average  number  owned  during  1884,  1,500  ;  average 
number  unfit  for  duty  from  all  causes,  88^;  but  this  includes  a  number  of 
new  horses  (over  150)  purchased  fresh  from  the  country  to  stock  a  new 
line,  who  suffered  from  distemper  in  being  acclimated.  Excluding  them 
the  average  vv-as  32,  or  about  2  per  cent.  Forty-five  horses  died  during 
the  past  year — 14  from  accidental  injuries,  10  from  colic,  5  from  lung 
fever,  4  from  paralysis  and  12  from  8  other  diseases."  Deducting  the  14 
from  accidents  and  10  from  colic,  leaves  21  deaths  only  that  might  have 
been  remotely  affected  by  ventilation,  or  1.4  per  cent.  Surely  this  expe- 
rience indicates  ample  ventilation.  Having  given  so  much  time  to  this 
matter  and  believing  it  to  be  of  general  interest,  I  take  great  pleasure  in 
submitting  the  same  for  your  consideration. 


THE  ECCENTRICITIES  OF  THE  TRANSIT  OR  THEODOLITE,  AND 
THEIR  INFLUENCES  ON  HORIZONTAL  ANGLES. 


By  John  Eisenmann,  Member  of  the  Civil  Engineers'  Club  op  Cleveland. 
[Read  May  13,  1884.] 


At  the  request  of  several  members  of  the  club,  I  have  the  pleasure  of 
presenting  to  you  the  eccentricities  of  the  transit  or  theodolite,  and  their 
influences  on  horizontal  angles. 

No  piece  of  mechanism,  no  matter  how  delicately  constructed,  is  as  per- 
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feet  as  its  theoretical  counterpart.  In  spite  of  all  the  modern  improve- 
ments, there  still  remain  defects  which  in  the  future  may  be  overcome 
by  the  makers.  Even  if  they  were  overcome,  it  would  require  extremely 
delicate  manipulation  to  keep  them  in  perfect  adjustment. 

It  is  not  my  purpose  to  describe  the  mechanism  of  the  transit  or  theo- 
dolite in  use  at  the  present  day,  nor  their  adjustments,  as  most  of  you  are 
so  familiar  with  them  that  further  reference  is  unnecessary.  Nor  do  I 
intend  to  discuss  the  accidental  or  unavoidable  errors  due  to  influences 
of  the  weather,  light,  temperature,  personal  equation,  pointing  at 
eccentric  target,  errors  of  phase,  etc.;  but  will  take  up  the  eccentricity 
of  the  alidade  and  limb,  audof  the  telescope,  and  the  errors  due  to  the 
inclination  of  the  limb  and  the  line  of  collimation. 

The  transit  or  transit-theodolite  under  discussion  is  the  ordinary  repeat- 
ing one  of  every-day  engineering  use — 10",  20  '  and  30"  instruments; 
the  terms  transit  and  theodolite  being  used  synonymously. 

When  a  theodolite  is  in  good  adjustment  and  set  up  for  measuring 
angles,  the  line  of  collimation  is  perpendicular  to  the  horizontal  axis  ; 
the  horizontal  axis  is  perpendicular  to  the  vertical  axis,  and  the  vertical 
axis  vertical  ^vith  the  direction  of  a  suspended  plumb  line.  No  matter 
how  perfectly  an  instrument  has  been  constructed,  or  how  carefully  its 
adjustments  may  have  been  made,  it  is  never  in  an  absolutely  perfect 
condition.  The  coarser  errors  may  have  been  disposed  of,  but  the  re- 
maining, almost  inappreciable  ones,  leave  their  influences  upon  all 
measurements,  unless  a  programme  of  work  be  so  arranged  as  to  elim- 
inate them.  Fortunately  this  can  be  done;  but  before  pointing  out  the 
methods  of  work,  let  us  take  up  each  source  of  error  separately,  and  see 
just  what  its  influence  is. 

In  the  following  I  have  considered  that  the  instrument  is  perfect,  ex- 
cept in  respect  to  the  error  that  is  being  discussed  ;  having  fovind  each 
independently,  they  will  be  compiled  at  the  close. 

The  subjects  will  be  taken  up  in  the  following  order : 

A.  Eccentricity  of  the  Alidade  and  Limb. 

B.  Eccentricity  of  the  Telescope. 

C.  Inclination  of  the  Limb. 

D.  Inclination  of  the  Line  of  Collimation. 

Those  of  you  who  are  familiar  with  the  angle  measures  and  their 
adjustments,  as  given  by  Baurenfeind*  or  Jordanf,  will  recognize  almost 
litei'al  translations  in  the  following  theoretical  discussions. 

A. — General  Relation  of  the  Alidade  and  Limb. 

The  mechanical  defects  of  a  theodolite,  in  relation  to  its  alidade  and 
limb  are  : 

1st.  Eccentricity  of  centres.     2d.  Eccentricity  of  verniers. 

The  eccentricity  of  the  limb  and  alidade  is  readily  shown  when  both 
verniers  are  read. 

If  the  difference  between  the  two  is  180  ±  /  and  /  remains  constant, 
the  centres  C  and  D  coincide  and  the  verniers  only  are  eccentric;  but  if/ 
varies  with  each  pointing,  the  centres   C  and  D  are  eccentric  and  the 

*  Baurenfeind'sVermessungskunde,  §  144,  Vol.  I. 

t  Jordan's  Handbuch  der  Vermessungskunde,  §  88,  Vol.  I. 
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zeros  of  the  verniers  may  be  in  a  straight  line;  or  both  the  centres  and 
verniers  may  be  eccentric. 

1st.  Eceentricitij  of  Centres. — Let  Fig.  1  represent  the  circle  of  a  theod- 
olite, in  which  C  =  centre  of  graduated  limb,  D  =  centre  of  alidade, 
bearing  the  telescope  and  verniers. 

There  are  two  verniers,  ^4  and  i?,  whose  zeros  are  connected  by  tl'e 
straight  line  ADB.  Verniers  are  supposed  to  lie  directly  under  the  line 
of  sight. 

When  the  centres  T' and  D  coincide,  there  is  no  eccentricity.  But. 
owing  to  mechanical  difficulties,  all  instruments  have  their  centres  more 
or  less  eccentric.  When  C  and  D  are  the  respective  centres  of  the  limb 
and  alidade,  CD  =  e  is  the  eccentricity,  which,  even  in  first-class 
instruments,  is  often  0.01  mm.  to  0.02  mm.  If  we  now  proceed  to  read 
the    angle    LDR  =  a    with    an   eccentric   instrument,  the  reading   of 


Fig.  1. 


vernier  A   at   .4   and  A'  will  give  the  arc  A  A',  whose  centre  is  atC,  or 
the  angle  A(A'  =  a'. 

a'  may  be  either  greater  or  less  than  a. 

If,  however,  we  read  both  verniers,  assuming  that  ADB  is  a  straight 
line,  or  that  vernier  B  =  180°  -|-  -4,  we  will  obtain  the  values  of  the  arc? 
AA'  and  BB\  with  centers  at  C,  or  the  angles  a'  and  «";  by  taking  the 
mean  of  a'  and  a"  we  obtain  value  of  a  ;    i.  e., 

n'-\-ft" 


(1) 


This  can  be  easily  demonstrated  from  Fig.  1  ;  for  instance, 
Z  ABA'  =  -^  a'andz  BAB  =4 a" 


Z   ADA'  =  a  =  180°  —  ADB  or  180°  —  180    -f-  "  -f  ^  ; 

n'  +  ci"     ,  .  ,    .     , 
.'.     a  —  — which  IS  the  same  as eq.  (1). 
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Thus,  it  will  be  seen  that  witli  two  verniers  diametrically  opposite,  by 
taking  means  of  readings,  the  influence  of  eccentricity  is  eliminated. 
This  is  also  true  when  the  angle  of  inclination  of  vernier  B  to  vernier  A 
is  verj^  slight ;  i.  e.,when  Z  BDb  is  very  small  and  vernier  B  =  A -\-  180° 
approximately. 

If  the  reading  of  angles  is  made  wath  but  one  vernier,  the  eccentricity 
can  be  eliminated  by  transiting  telescope  and  retaking  the  angles  on  the 
opposite  side  of  the  litnb  without  disturbing  the  setting  of  the  instru- 
ment.    The  means  of  the  readings  will  then  give  the  requii-ed  angle. 

If  the  eccentricity  e  and  the  an^le  which  e  =  CD  makes  with  the  0' — 
180°  line  are  known,  the  error  made  by  measuring  any  angle  with  one 
veinier  may  be  found  from  the  following  equation.  Let  us  suppose  that 
in  pointing  to  the  first  station  L,  the  vernier  was  set  at  0",  then  from 
Fig.  1,  if 

e  =  CD  =  eccentricity  of  the  alidade  ; 

r  =  CA  =  CB  =  radius  of  the  Umb  ; 

t"  =   /  ACD  =  angle  of  inclination  of   CD  to  CA  or  the  0°— 180' 

line ; 
11=/.  CAD  —  small  angle  subtended  by  CD  at  A  ; 
n'  =  Z  CA'D=       •'         "  "  "    CD  "  B ; 

a  =  true  value  of  angle  ; 
a'  =  measured  value  ; 
a  —  a'  =  f  —  error  made. 
From  inspection  of  the  figure  it  will  be  seen  that — 

f  =  a  —  a'  =  u'  —  u.  (3) 

Since  CD  is  quite  small,  AD  may,  for  the  sake  of  approximating,  be 
made  equal  r,  and  with  the  aid  of  the  small  triangles  CAD  and  CA'D  we 
obtain  the  following  equations  : 

sin  u'  =  --  sin  v  and  sin  n  =  -  sin  (v  —  a')  (3) 

r  r 

u  and  u'  both  being  very  small  angles,  their  sines  expressed  in  terms  of 

arc  will  make  eq.  (3)  equal 

m'  =  206265"  -  sin  v,  and  u  =  206265"  -  sin  (y  —  a')  (4) 

Substituting  eq.  (4)  in  eq.  (2): 

/  =  206265  —I  sin  v  —  sin  (r  —  a  )\,  which  reduces  to 

/  =  206265   —  [sin  ^-  a'  cos  (v  —  -J-  a'^1  (5) 

which  is  the  equation  sought. 
/  becomes  0  when  e  or  cos   Iv —  (^^  « ']  =0.     This  is   the  case  when 

{V  —-  a')  =  90°  or  270°,  i.  e.  when  a'  =  2  v  —  180°  ; 

/becomes  a  maximum  when  cos  Iv —  ^«')  ^  ±  1,  or  when  w  —  ^<*' 

=  0°  or  180°  anda'  =  2  v. 

Ifv  =  30°,  a'  =  60°,  e  =  0.0004  in.  and  r  =  3  0  in. 

/  =  412530"  X  0.00013  X  0.5  =  26".82,  or  very  nearly  half  a  minute. 
This  error,  due  to  e  =  0.0004  inches,  shows  conclusively  that  it  is  too  large 


200  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

to  let  go  uneliminated,  when  an  accuracy  of  more  than  the  nearest 
minute  is  claimed  for  an  angle;  had  e  equaled  0.004  inches,  /  would  equa^ 
268''.3  =  4'  28".2. 

These  errors  might  have  been  eliminated  if  both  verniers  had  been 
read,  or  if  after  first  set  of  readings  they  had  been  retaken  with  the  tele- 
scope reversed  (transited),  and  the  means  taken.  It  therefore  follows 
that  for  all  important  angles,  where  accuracy  is  desired,  both  verniers 
ought  to  be  read,  or  if  reading  of  one  vernier  is  persisted  in,  the  angles 
should  be  retaken  with  the  telescope  reversed. 

2d.  Eccentricity  of  the  Fermers.— The  eccentricity  of  the  verniers  is  the 
perpendicular  distance  between  the  center  of  the  alidade  and  a  straight 


line  connecting  the  zero  marks  of  the  verniers,  or  its  measure  the  con- 
stant angle  which  the  vernier  arms  make  with  each  other. 
Let  Fig,  2  represent  the  circle  of  a  theodolite. 
Let  C  =  center  of  limb. 
D  =       "       "  alidade. 
r  =  radius  of  limb. 
A  —  vernier  A. 
B  —  vernier  B. 

S  =  small   angle  which   BD  makes   with  AD  pro- 
longed. 
Arc  ?>?/  =  £  =  error  due  to  eccentricity  of  centers. 
e  =  CD  =  eccentricity  of  the  centers. 
<p  =  angle  which  AD  makes  with  CD  prolonged. 
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If  now  we  read  the  instrument  set  in  position  shown  in  Fig.  3,  read- 
ing both  verniers,  we  will  obtain 

B—A  —  180°  =  d  =  S  -\-  c  (6) 

or  d  =  arc  Bb  —  arc  Bb'  +  bb'  =  S  -\-  e. 
Fi-oni  the  small  a  b'CD  we  obtain  the  following  jiroportion  : 
si7i  Cb'D  :  CD  =  sin  b'DC  :  cb' 


.     e 

sin  ;r- 


e  =  sm  (p  :  r. 


(7) 


Since  theangle  -^  is  very  small,  its  sine  may  be  taken  in  terms  of  arc, 


and  equation  (7)  becomes 


2e  p 


sin  (p.  (8) 

/■ 

In  which  p  is  the  radius  unity,  expressed  in  terms  of  arc.  When  the 
telescope  is  reversed,  so  as  to  change  the  vernier  arm  of  -.4  or  the  angle 
arm  AD  of  <p,  180°,  the  absolute  value  of  s  remains  unchanged,  but  it 
will  have  the  opposite  sign.  If  now  for  <p  in  its  first  position  the  differ- 
ence of  vernier  readings  B  —  A  —  180°  is  d,  and  the  corresponding  differ- 
ence for  (p  4"  180°  is  d',  we  will  have 

d  =  S  +  £  and  d'  =  S  —  e. 
d  +  d' 


6  — 


and 


2 
d —  d' 


(9) 
(10) 


6  is  constant,  as  it  only  measures  the  constant  angle  BDb'  of  Fig.  2 — 
i.  e.,  the  angles  which  the  verniers  make  with  each  other  ;  but  £  is 
dependent  upon  the  angle  <p  for  its  value,  and  therefore  varies  with  that 
angle. 

Hence  for  determining  the  value  of  S  the  two  component  values  d  and 
d'  would  suffice,  whereas  they  would  have  but  little  weight  in  deter- 
mining the  value  of  £. 

In  order  to  determine  the  value  of  £,  we  will  have  to  take  a  number  of 
uniformly  disti'ibuted  observations  over  the  whole  limb,  and  tabulate 
them  as  shown  below. 

The  instrument  used  was  a  Wiirdemann,  verniers  reading  to  10",  esti- 
mating 5",  six-inch  circle  : 


Ver. 
A 

Ver. 

B 

Ver. 
A 

180° 

Ver. 
00°  00' 

B 

10" 

d 

-05" 

d' 

d  +  d' 
+  05.0 

d-d' 
—  15.0" 

d 
+  02.5 

« 

00° 

179° 

.59' 

55" 

+  10 

—  07.5 

L'0° 

1»<» 

.59 

55 

200 

20 

00 

10 

—  05 

+  10 

+  05.0 

-15.0 

-  02.5 

—  07.0 

40° 

219 

59 

50 

220 

40 

00 

10 

—  10 

+  10 

+  00.0 

-20.0 

—  00.0 

-  10.0 

f!) 

2;i9 

59 

45 

240 

HO 

00 

20 

—  15 

+  20 

+  05.0 

—  35.0 

-  02.5 

—  17.5 

80 

2m 

59 

40 

260 

80 

00 

20 

—  20 

+  20 

+  00.0 

—  40.0 

—  00.0 

—  20.0 

100 

279 

59 

45 

280 

100 

no 

20 

—  15 

+  20 

+  05.0 

—  35.0 

—  02.5 

—  17.5 

120 

299 

59 

50 

:500 

120 

00 

in 

—  10 

+  10 

+  00.0 

—  20.0 

—  00.0 

—  10.0 

140 

,319 

59 

oo 

32(1 

140 

00 

10 

—  05 

+  10 

+  U5.0 

—  15.0 

—  02.5 

—  07.5 

160 

340 

00 

GO 

340 

160 

00 

05 

—  00 

+  05 

+  05.0 

—  05.0 

+  02.5 

—  02.5 

Mean  S  =  +  01.7". 

That  is  S,  the  angle  which  the  arm  of  vernier  B  makes  with  the  pro- 
longation of  the  arm  of  vernier  A,  is  -\-  01.7"  ; 

i.  e.,  the  angle  around  to  the  left,  ADB  =  180°  —  01.7", 
and    "      "  "  "    right,  ABD  =  180°  -f  01.7". 
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Only  one-half  the  values  of  e  are  given,  since  for  each  value  of  £  that 
is  shown  in  above  table,  there  is  a  corresponding  value  with  the  oppo- 
site sign; 

/.  e.,  with  ver.  A  at  40"  and  ver.  B  at  220°,  £  =  —  10.0", 
and  the  corresponding  value  with 

ver.  .4.  at  230°  and  ver.  S  at  40°,  £  =  +  10.0". 
The  values  of  e  must  follow  the  law  of  variations  of  eq.  (8),  which  an 
inspection  of  table  or  a  graphical  drawing  of  same  will  show  to  be  the 
case  (approximately). 

Thus  it  will  be  seen  that  for  the  instrument  under  consideration,  £  r=  0 
between  £  =  —  02.5"  and  -|-  07.5,  or  somewhere  between  160°  and  180°. 
or  when  vernier  arm  of  A  lies  in  the  direction  of  the  eccentricity  of  the 
centers  CD  —  e,  then  e  =  0,  which  in  this  case  is  somewhere  between 
160°  and  180°,  say  170°; 

£  being  negative  when  A  reads  between  350°  and  170°  ; 
£      "       positive       "       A     "  "         170"  and  350°  ; 

£  becomes  a  maximum  at  260%  where  it  equals  +  20.0"; 
£         "  minimum    "     80°,       "  "        —20.0"; 

which,  according  to  eq.  (8),  gives 

£  =:  0  for  rp  =  0°  and  cp  -  180°,  (11) 

and  £max  =  -\ ,     and    £niin  = —  (12) 

r  r 

Substituting  the  numerical  values  obtained  from  the  reduction  of  the 
observations  in  eqs.  (11)  and  (12): 

<P  =  ^-f  170°or.-l  — 10°;  (13) 

that  is,  when  A  reads  0°,  (p  =  either  +  170°  or — 10°; 

2ep       2.  e.  206265" 

f  max  =  +  20  '  =  — '-  = -; (14) 

r  3  m. 

.  • .      e  =  0.000146  inches, 

which  shows  the   distance   CD  between    the    centres    to    be    0.000146 

inches,  and  that  its  azimuth  lies  in  the  direction  of  the  170°  mark  on  the 

limb. 

From  6  =  01  "7   we  obtain  the  value  of  Dd  =  e'  the  eccentricity  of 

the  verniers  ;  i.  e.,  from  Fig.  2,  we  find 

r  S 

-='=27  "»* 

The  numerical  values  being  substituted, 

''  =2^^h^  =  -^Am  =  ^-^^^^^^  ^^"^^^- 

When  these  instrumental  errors  are  to  be  weighted  in  a  system  of 
observations  of  the  higher  orders  of  work,  the  examinations  are  minutely 
and  accurately  determined,  and  reduction  made  by  the  rigid  method  of 
least  squares.  An  example  illustrative  of  this  point  may  be  found  in 
Jordan's  Handbuch  der  Vermessungskunde,  Vol.  I. 

An  examination  of  the  table  shows  that  e  and  e/  are  very  small,  but 
still  they  exert  a  perceptible  influence  on  the  readings  of  the  verniers, 
varying  from  0"  to  ±  20"  according  to  position  of  the  reading. 

This  effect  should  always  be  eliminated  from  all  angles  which  mark 
important  boundaries,  and  which,  when  once  fixed,  are  to  be  the  standard 
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for  future  reference  ;  or  from  all  angles  for  whioh  any  degree  of  excellence 
is  claimed. 

To  eliminate  the  efifect  of  eccentricity,  the  observations  should  give  as 

many  readings  of   the  —  e's  as  of  the  +  e's  /  i.  e. ,  in  reading  an  angle 

the  observations  should  shoiv  an  equal  number  of  uniformly  distributed 

readings  ivith  the  telescope  direct  and  with  it  reversed  by  transiting  in  F's. 

B. — Eccentricity  of  the  Telescope. 

Let  Fig.  3  represent  the  circle  of  a  theodolite  whose  telescope  is  not 
mounted  directly  over  the  centre  C,  but  at  a  distance  of  CD  —  e 
measured  on  a  perpendicular  let  fall  from  C. 

AB  is  the  line  joining  the  zeros  of  verniers  vphen  telescope  DE  is 
pointed  at  L. 

And  A'B'  the  line  joining  the  zeros  of  verniers  when  telescope  DE  or 
D'E'  is  pointed  at  B. 

r 


Fig.  3. 


Z  LCR  =  a  =  the  true  angle  between  L  and  R. 

Z  AC  A'  =  a'  =  the  angle  read  by  verniers  when  telescope  is  eccentric. 

NS  =  180°  — 0°  line — or  line  of  true  meridian  with  the  azimuth  taken 
from  the  0°  in  the  south  around  to  left,  through  the  west,  north,  oast,  back 
again  to  the  south  (same  as  the  astronomical  azimuths).  W  hen  the  tele- 
scope is  directed  to  L,  the  arc  AS  =  r'  will  be  the  reading  of  vernier  A  ; 
when  telescope  is  directed  to  B,  the  arc  A'S  =  r"  will  be  the  reading  of 
vernier  A. 

Then  r"  —  r'  —   A  AC  A'  =  Z  LFB  =  a',  which  differs  from  the  true 
value  a  by  a  small  correction  due  to  the   eccentric  position  of  the   tele- 
scope.    This  correctiofa  or  error  f  is  equal  to  a'  —  a.     From  Fig.  (8), 
L  E'B  =  a  -}-  V  =  a'  -\-  v',  which  gives 

a  =  a'  4-  f '  —  V.  (16) 

The  angles  v  and  v'  are  quite  small,  and  as  they  depend  entirely  upon 
the  relation  between  the  angle  arms   CB  —  I  and  CL  —  V  and   the  ec- 
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centricity  CD  =  CD'  —  e,  we  can  obtain  v  and  v'  in  terms  of  e,  I  and  V, 
viz.: 

From  the  small  triangles  BCD'  and  LCD 

I  sin  V  ~  e  and  /'  sin  v'  =  e,  which,  expressed  in  terms  of  sec- 
onds of  arc,  gives  : 

V  =  206365"  -p  and  v'  =  206265  y  (17) 

Substituting  the  values  of  (17)  in  eq.  (16),  we  have  : 

a  =  a'  +  206265  e  1^, ^\  (18) 

or  a  —  a'  =  f  =  206265  e  Ij, j-~\  (19) 

Eq.  (18)  shows  how  the  true  angle  a  may  be  obtained  from  the  meas- 
ured angle  a'  and  the  elements  of  eccentricity  e,  I  and  l,  and  eq.  (19)  gives 
the  influence  of  this  eccentricity  on  any  angle  knowing  e,  I  and  V. 

From  both  (18)  and  (19)  it  will  be  seen  that  when  Z  =  T,  /  =  0;  /  increases 
with  the  increase  of  e  and  the  difference  between  Z  and  V. 

When  e  =  0.004  inches.  V  =  10  ft  and  1=  2  Z'  =  20  ft.,  /  =  ^^^^  =  3."5, 

■'  240 

a  small  quantity,  it  is  true,  but  of  suflScient  importance  to  show  that 
when  the  angle  arms  of  an  angle  are  unequal  and  any  importance  is 
attached  to  the  measured  value,  the  work  should  have  been  so  arranged 
as  to  eliminate  the  error. 

To  eliminate  this  error,  transit  or  reverse  the  telescope,  and  without 
disturbing  the  limb  reread  the  angle  and  take  the  mean  of  the  results. 
The  second  operation  gives 

a  =  a"  —  v'  -\-  V,  (20) 

as  wiU  be  seen  on  an  inspection  of  Fig.  3.  The  verniers  would  fall  at 
B  and  B\  giving  the  arc  SAB  =  r,  and  arc  SB'  =  r,,;  r,,  —  r,  =  a", 
the  value  of  the  angle  as  read. 

Taking  the  mean  of  eq.  (16)  and  (20)  we  have 

a  =  \  {a'  +  a")  (21) 

In  the  above  discussion  it  was  supposed  that  the  alidade  had  no  eccen- 
tricity, hence  only  one  vernier  was  indicated  as  lead.  But  as  no  instru- 
ment is  without  more  or  less  eccentricity  between  alidade,  limb  and 
verniers,  both  verniers  should  have  been  read  both  before  and  after 
reversal.  The  reading  of  both  verniers  before  reversal  would  not  elimi- 
nate the  effects  of  the  eccentricity  of  the  telescope,  but  only  eccentricity 
of  the  verniers.  Reading  both  verniers  after  reversal  and  taking  mean 
of  all  the  readings,  not  only  eliminates  the  effects  of  the  eccentric  tele- 
scope, but  also  the  error  of  eccentricity  of  centres  of  alidade  and  limb 
and  eccentricity  of  the  verniers. 

C. — Inclination  of  the  Limb. 

That  is,  the  plane  of  the  limb  is  slightly  inclined  to  the  vertical  axis. 
The  error  due  to  the  inclination  of  the  limb  is  not  so  much  due  to  the 
fact  that  the  visual  planes  passing  through  the  line  of  collimation  do 
not  project  the  angles  upon  a  horizontal  plane,  as  to  the  fact  that 
these  planes,  owing  to  the  construction  of  the  instrument,  are  not  verti- 
cal. If  it  were  possible  to  project  the  vertical  angles  by  a  system  of  ver- 
tical planes,  independent  of  the  mechanism,  the  inclination  of  the  limb 
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would  have  to  be  veiy  great  to  show  an  appreciable  intiuence  upon  the 
horizontal  angles  between  points  not  lying  in  the  same  plane. 

Let  C  be  the  position  of  the  centre  of  the  instrument.  Let  A  and  B  be 
two  points  in  space  between  which  the  horizontal  angle  is  to  be  measured, 
A  being  on  a  horizontal  line  passing  through  C,  and  B  elevated  on  the 
line  BC.  Were  the  instrument  in  perfect  adjustment,  the  projected 
angle  upon  the  horizontal  plane  passing  through  C  and  coinciding  with 
the  plane  of  the  limb,  would  give  the  desired  angle.  In  Fig.  4,  let 
AH  represent  the  trace  of  the  horizontal  plane  passing  through  C, 
AH'  the  trace  of  the  limb  inclined  to  the  horizontal  plane  by  the  angle 

AB  the  trace  of  the  inclined  plane  passing  through  A,  B  and  C,  and  in- 
clined to  the  plane  of  the  horizon  by  the  angle  e, 

B  H'  the  trace  of  a  plane  through  B  and  C  passed  perpendicular  to  the 
plane  of  the  limb,  and 

B  H  the  trace  of  plane  through  B  and  C  passed  perpendicular  to  the 
plane  of  the  horizon. 


Fig.  4. 
a    =  angle  of  elevation  of  B  above  the  horizon  =  z  BCH. 
<p   =  true  projection  of  the  inclined  angle  ACB. 
q/  =  projection  of  same  plane  ACB  upon  the  plane  of  the  limb  AH', 
d    =  ^'  —  (p  =  error  due  to  the  inclination  of  the  limb. 
With  C  as  the  centre,  a  sphere  is  supposed  to  have  been  described  with 
a  radius  ?•  =  1,  whose  equatorial  arc   coincides  with  the  trace  AH,  or 
horizon.     Compiling  the  above  angles  and  arcs  for  ready  reference: 
Let  arc  ^  B    —  Z  ACB    =  u  /  BAH   =  e 

"      "  AH    =  Z  ACH  =  cp  Z  HAH  =  y 

"      "  AH'  =  Z  ACH'  =  <p' 
"      ''  BH    =  Z  BCH  =  a 
hence  from  the  right-angled  spherical  triangle  ABH  we  obtain  : 
Cot  s  =  sin  (p  cot  a. 
And  tan  q)  =  cos  e  tan  u. 

And    from    the    right-angled   spherical  triangle   BAH 
tan  cp'  =  cos  (s  —  y)  tan  u. 


(32) 
(23) 


(24) 
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With  the  aid  of  these  equations  the  error  8  =  q>'  —  q)  may  be  readily 
determined. 

When  a  and  q)  are  given,  the  value  of  s  can  be  obtained  from  eq. 
(22),  which  when  substituted  in  eq.  (23)  gives  us  the  value  of  n,  and  u 
substituted  in  eq.  (24)  gives  us  qj'.  If  it  is  desired  to  obtain  cp'  directly 
from  the  values  of  cp,  a  and  y,  we  can  eliminate  the  values  of  ?(  and  e  by 
taking  eq.  (24),  and  with  the  aid  of  eq.  (22)  and  (23)  obtain  : 

Tan  qj'  =  cos  y  tan  q)  -j-  tan  a  sin  y  sec.  <p.  (25) 

From  a  well-known  trigonometrical  formula, 

(1  -\-  tan  q>'  tan  q>)  tan  {q)'  —  <?>)  =  tan  q/  —  tan  q).  (26) 

Substituting  the  value  of  tan  qj'  from  eq.  (25),  and  calling 

tan  a  sin  y  —  sin  q>  (1  —  cos  y)  =  p,  (27) 

eq.  (26)  or  tan  S  —  tan  {q>'  —  q))  becomes 

TanS=^''A^  (28) 

1  -\-p  sin  q) 

or  i5  in  terms  of  seconds  of  arc  becomes  : 

5  =  206265"-^^-^^.  (29) 

\  -\-  p  sm  q) 

If  <p  =  80°,  y  =r  and  a  =  10°,  thenp  =  0.00004341  and  5  =  0°— 0'— 05".4. 

If  <p  =  30°,  y  =  r  a-nd  a  =  10°,  thenp  =  0.00302  and  S  =  0°— 8'— 57". 
If  the  angle  qj  had  been  60°,  and  half  the  angle  laid  10°  above  and  the  other 
Iialf  10°  below  the  horizon,  the  second  half  would  also  give  5'=  0° —  8' — 57" 
and  the  total  error  a  =  S  -{-d'  =  0" — 17' —  54".  When  q)  =  90°,  5  becomes 
0,  and  when  q)  =  0,  S  =  206265"  p  =  206265"  tan  ex  sin  y,  in  which  case 
the  angle  <p  would  lie  in  a  vertical  plane,  i.  e.,  the  points  A  and  B  would 
lie  vertically  over  each  other.  If  one  of  the  angle  arms  was  inclined  at 
an  angle  of  45°  and  the  other  horizontal,  tail  6  =  sin  y  or  S  =  y  approx. 
In  other  words,  were  the  limb  inclined  1°  or  V,  the  reading  on  the  hori- 
zontal circle  would  show  a  value  of  1°  or  1'  for  q>,  whereas  it  in  reality 
ought  to  be  zero.  From  this  it  will  be  seen  of  how  much  importance  it  is 
to  have  the  linab  horizontal,  especially  in  measuring  angles  on  slopes,  etc. 

The  influence  of  this  error  can  be  eliminated  by  taking  readings  with 
telescope  direct  and  reversed  (transited),  and  shifting  the  limb  180°  in 
azimuth  after  reversing  telescope,  and  taking  the  mean  of  the  readings, 
provided  that  in  so  doing  the  limb  would  be  dipped  in  the  opposite  direc- 
tion. 

If  the  limb  does  not  dip  in  an  opposite  direction  from  the  first,  after 
reversal,  careful  leveling  of  the  plate  of  limb  is  the  only  recourse. 

As  the  alidade  carries  not  only  the  telescope  and  verniers,  but  alsathe 
levels,  the  horizontal  position  of  the  limb  of  each  instrument  ought  to  be 
separately  examined  for  successive  leveled  positions  of  the  alidade. 

This  is  done  by  carefully  removing  the  alidade  after  it  has  been  lev- 
eled for  each  of  the  various  positions  around  the  full  circle,  and  trying 
the  limb  by  placing  an  adjusted  level  upon  it,  for  each  of  the  correspond- 
ing positions  of  the  ahdade — say  at  intervals  of  30°  around  the  circle. 
The  amount  of  the  deflection  can  be  readily  computed  from  the  level 
readings,  and  with  the  help  of  the  above  formulae,  its  influence  on  any 
angle  may  be  found.  If  the  error  is  large  enough  to  affect  the  value  of 
the  measured  angles,  the  programme  for  measuring  angles  will  have  to 
be  arranged  so  as  to  eliminate  it. 
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D. — Inclination  of  the  Line  of  Collimation. 

If  the  plane  of  the  limb  is  horizontal,  and  the  visual  plane  passing 
through  the  line  of  collimation  is  inclined  to  it  by  an  angle  y,  to  find  the 
effect  of  this  error  : 

In  Fig.  5,  let  Z  ACB  be  the  angle  whose  horizontal  proj^^ction  is  to  be 
measured;  the  two  points  ^4  and  i?  being  situated  above  the  horizontal 
plane  DA'EB'C  or  the  plane  of  the  limb,  AC  and  BC  being  the  angle 
arms  ;  the  angle  of  elevation  of  AC  being  ex,  and  the  angle  of  elevation 
of  BC  being  fi. 

Describing  a  sphere  whose  radius  CD  =  CE  ~  1,  from  C  as  a  centre, 
A  A'  will  be  the  trace  on  the  sphere  of  a  plane  passed  through  AC,  per- 
pendicular to  DA'EB',  and  BB'  will  be  trace  of  a  plane  passed  through 
BC,  perpendicular  to  same  plane.  The  traces  cut  out  by  the  visual 
plane  passing  through  AC  and  BC  will  be  AD  and  BE  respectively. 

Let  A'CB'  —  q)  =  true  horizontal  angle,  and 

DCE  —  q)'  ~  erroneously  measured  angle. 

CD,  the  trace  of  the  visual  plane,  passing  through  AC,  on  the  hori- 
zontal plane,  will  be  erroneous  by  f.. 

CE,  the  trace  of  the  visual  plane  passing  through  BC  on  the  horizon- 

B 

c 


Fig.  5. 
tal  plane,  will  be  erroneous  by  s\  and  the  combined  error  will  therefore 
be  S,  or,  in  above  case,  S  =  e  —  s'.     If  BC  were  below  the  horizon,  5' 
would  be  equal  to  £  -|-  s'. 

The  values  of  e  and  e'  are  determined  from  the  right-angled  spherical 
triangles  ADA'  and  BEB'.  Since  arc  A'D  =  e,  arc  AA'  =  a,  AA'D  = 
90°  and  Z  ADA'  =  90°  —  y,  where  y  is  the  angle  of  inclination  of  visual 
plane  toward  the  vertical,  we  have 

sin  £  =  tan  a  tan  y.  (30.) 

In  the  A  BEB'  the  arc  B'E  =  s',  arc  BB'  =  /?,  Z  BB'E  =  90°  and 
Z  BEB'  =  90°  —  y,  whence 

sin  e'  =  tan  /3  tan  y.  (31.) 

Since  e  anil  s'  are  very  small  angles,  their  sines  may  be  expressed  in 
terms  of  seconds  of  arc,  and  equations  (30)  and  (31)  become 

£  =  206265"  tan  a  tan  y  (33.) 

e'  =  206265"  tan  /3  tan  y  (33.) 

and  (5  ^  £  —  £'  =  206265"  tan  y  {tan  a—  tan  (i).  (34.) 
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in  which   a  and  /i  are  positive  for  angles  of  elevation,  and  negative  for 

angles  of  depression. 

i.e.,  if  B  C  were  inclined  below  thi  horizon,  /j  becomes  negative,  then 

S'  =  206265"  tan  ;'  (tan  a  +  tan  /J)  (35) 

when    a  =  +  20\  /J  =  —  20"   and   r   =  5'.  then  5  =  s -\- e'  -  218".4   = 

3'- —  38".4.     This  error  of  3'  —  38".4  is  the  same  for  all  horizontal  angles 

between  A  and  B,  no  matter  how  large  or  small  they  may  be,  even  for  an 

angle  very  nearly  zero  ;  t.  e.,  if  ^  and  B  were  situated  in  space  vertically 

over  each  other,   the  reading  on  the  limb  would  indicate  a  reading  of 

3  —  38".4,  or  as  near  to  it  as  instrument  could  be  read.     If  ^4  and  B  were 

situated  at  the  same  elevation   above   or  below  the  horizontal   plane. 

i.  e.,  ±  a=  ±  /3,  there  would  be  no  error  made  in  reading  the  liorizontal 

angle.     But.  as  a  rule,  no  two  points  are  found  to  lie  exactly  in  the  same 

horizontal  plane,  above  or  below  the  horizon.     Su  -h  being  the  case,  it 

will  be  seen  from  the  above  that  it  is  very  important  to  have  the  line  of 

collimation  travel  in  a  vertical  plane  perpendicular  to  the  horizon.     The 

influence  of  this  error,  however  great  or  small,  may  be  eliminated  by 

retaking   the   readings  witli  the  telescope  reversed  (transited)  without 

disturbing  the  position  of  the  limb,  and  taking  the  mean  of  the  two 

results  obtained. 

Combined  Errors. 

To  find  what  influence  the  combined  errors  would  have,  the  instiai- 
ment  would  have  to  be  carefully  tested,  each  source  of  error  observed, 
and  the  corrections  for  various  angles  noted,  with  the  help  of  which  we 
may  obtain  the  value  of  the  combined  errors  and  their  influences.  The 
most  unfavorable  condition  is  to  suppose  that  all  the  errors  occur  in  one 
direction,  /.  e.,  positive  or  negative.  Tliis,  however,  is  not  probable,  as 
generally  they  are  more  or  less  compensating. 

Thus  if 
±  5i  =  mean  error  due  to  eccentricity  of  the  alidade  and  limb  verniers  ; 
±  (5a  =  "  '■  "  telescope; 

±  §3  =  "  the  inclination  of  the  limb  ; 

±  S^  —  "  "  "  "        line  of  collimation; 

the  total  mean  error  a  would  not  be  equal  the  sum  of  all  or  ±  2  {^), 
but  from  the  theory  of  probabilities  the  mean  error 

In  other  words  if  each  <5  was  equal  to  ±  10"  the  combined  error  would 
not  be  A  =  ±  40  but  =  ±    4/400  =  ±  20". 

Summary. — It  will  be  seen  from  the  above  discussion,  that  in  order  to 
insure  any  sort  of  reliability  in  work  a  theodolite  ought  always  to  be  used 
as  a  non-repeater,  with  the  telescope  direct  and  reversed  ;  reading  both 
verniers  for  each  position  of  the  telescope,  and  in  order  to  counteract  the 
slip,  station  twist,  etc..  read  to  all  the  points  desired  from  the  station 
occupied,  first  in  the  positiv.^  direction  (with  the  graduation)  of  the  circle, 
then  backward  in  the  negative  direction  for  each  position  of  the  telescope. 
When  only  one  set  of  readings  is  to  be  taken  the  telescope  should  be  in 
a  direct  position  while  working  positively  and  reversed  while  working 
negatively.  When  more  accurate  results  are  desired,  a  greater  number 
of  sets  should  be  taken  ;  the  circle  is  shifted  a  proportional  part  of   180° 
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according  to  the  number  of  results  to  be  obtained,  the  direct  and  reversed 
positions  of  the  telescope  alternating.  Of  course,  wliere  the  nearest 
tninate  that  can  be  obtained  from  one  pointing  will  suffice,  the  above  re- 
finements would  not  be  necessary. 

But  where  any  horizontal  angle  is  to  be  measured  and  liecome  a  mat- 
ter of  important  record,  a  programme  similar  to  the  above  should  be  fol- 
lowed. I  have  heard  of  instances  where  great  accuracy  was  claimed  for 
angles  where  several  sets  of  repetitions  were  taken  and  one  vernier  only 
read,  without  even  reversing  telescope  or  shifting  the  circle.  The  re- 
sults may  have  been  good  enough  to  answer  the  purpose  for  which  they 
were  taken,  but  it  has  no  proper  claim  to  great  accuracy. 

A  second  vernier  reading  woxild  have  added  greatly  to  its  value,  but 
even  then  there  are  too  many  sources  of  uneliniinated  errors  remaining, 
to  stand  test  of  accuracy— it  may  be  good  enough,  but  it  is  not  accurate. 

The  engineer's  transit,  or  theodolite,  is  nothing  more  than  what  is 
known  as  a  repeating  instnimenr. 

The  repeater  as  a  measurer  of  angles  is  conceded  by  all  geometricians 
to  work  better  in  theory  than  in  practice.  It  has  two  vertical  axes,  and 
it  is  a  difficult  matter  to  make  them  perfectly  concentric — this  gives  an 
eccentricity.  This,  ?r«Y/i  the  unavoidable  slips  and  many  sources  of  acci- 
dental errors,  has  led  to  the  abandoning  of  the  method  of  reading  angles 
with  repeaters,  in  late  years,  in  the  higher  orders  of  work,  and  led  to 
the  substitution  and  almost  exclusive  use  of  the  non-repeaters. 

With  the  repeater  it  often  becomes  a  question  whether  the  alidade  or 
limb  is  to  be  leveled. 

When  the  axis  of  the  limb  is  vertical,  as  the  work  of  repeating  goes 
forward  the  inclined  axis  of  the  alidade  describes  a  conical  surface 
about  the  limb's  axis  ;  and  when  the  axis  of  alidade  is  vertical  at  the  be- 
ginning of  a  repetition,  and  limb's  axis  inclined,  while  repeating,  the  ali- 
dade axis  will  revolve  around  with  the  limb's  axis,  each  axis  describing  a 
conical  surface,  making  error  twice  as  large  as  in  former  case.  Time  is 
too  limited  to  discuss  this  point  to  any  further  length,  but  I  would  like  to 
add,  that:  if  an  angle  is  to  be  measured  with  a  repeating  instrument  by 
repetitions,  select  your  programme  in  such  a  manner  that  the  eccentricity 
of  the  limb  and  alidade  are  eliminated.  Thus  :  with  the  telescope  direct, 
repeat  the  smallest  angle  in  your  series  until  it  has  made  at  least  one 
complete  circuit  of  the  circle,  i.  e.,  from  0°  to  360°,  first  in  positive  direc- 
tion, then  in  a  negative  direction  of  the  circle  with  telescope  reversed,  read- 
ing both  verniers,  and  take  the  mean.     This  makes  one  set. 

When  more  than  one  set  for  an  angle  is  required,  shift  the  circle  so  that 
the  space  fri>m  0'  to  180^  will  be  divided  into  parts  equal  to  the  number 
of  sets  desired  ;  the  sets  then  should  alternate  with  telescope  direct  and 
reversed,  working  positively  and  negatively  as  before. 

The  above  is  the  programme  for  the  smallest  angle  ;  a  larger  angle  to  have 
an  equal  weight  would  have  to  be  repeated  as  many  times  as  the  smaller, 
a  loQg  and  laborious  process.  Even  with  all  these  precautions  the  result 
as  a  result  does  not  compare  with  that  which  could  have  been  obtained 
in  an  equal  time,  and  with  equal  care,  by  using  same  instrument  as  a  non- 
repeater  with  a  proper  programme. 
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BOSTON    SOCIETY   OF    CIVIL    ENGINEERS. 


January  21,  1885: — A  regular  meetiug  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  7 :40  p.  m.  Vice-President  L.  Frederick  Rice  in  the 
chair  ;  twenty-nine  members  and  three  visitors  present. 

The  record  of  the  last  regular  meeting  and  that  of  January  14,  1885,  were  read 
and  approved. 

The  Treasui-er  submitted  a  statement  of  the  condition  of  the  finances  of  the 
Societj^  from  which  it  appeared  that  a  Burlington  and  Missouri  River  R.  R.  bond 
belonging  to  the  Society  had  been  called.  On  motion  of  the  Treasurer  it  was  voted : 
That  a  conunittee  be  appouited  by  the  Chair  to  recommend  a  proper  investment  of 
such  portion  of  the  funds  as  the  Treasurer  may  deem  expedient. 

The  Chair  appointed  as  that  Committee  Messrs.  Philbrick,  Bradley  and  Wight- 
man. 

On  motion  it  was  voted  :  That  a  cotmnittee  be  appointed  by  the  Chair  to  arrange 
for  the  annual  dinner. 

The  Chair  appointed  as  that  Committee  Mr.  Henry  Manley. 

The  Govermnent  presented  its  repoi't  in  favor  of  furnishing  a  copy  of  the  Journal 
of  the  Association  of  Engineering  Societies  to  the  Boston  Public  Library  and  to  the 
Massachusetts  State  Library. 

Messrs.  Alexander  L.  Kidd  and  Arthur  H.  Howland  were  elected  members  of 
the  Society. 

Mr.  Raljih  A.  Quimby  was  proposed  for  membership  recommended  by  Thomas 
H.  Davis  and  Thomas  J.  Young. 

Mr.  Edward  A.  W.  Hammat  was  proposed  for  membership,  recommended  by 
Messrs.  Henry  Manley  and  M.  M.  Tidd. 

Mr.  H.  A.  Carson  read  a  paper  on  the  Cross  Sections  of  Sewers  and  Conduits. 

Discussion  followed  by  Messrs.  Stearns,  Rice,  Clarke  and  Manley. 

Mr.  F.  P.  Stearns  exhibited  diagrams  showing  the  comparative  cost  of  sewers  of 
circular  section  and  conduits  with  abutments. 

Mr.  Dexter  Bracket  exhibited  diagrams  showing  settlement  and  change  of  form 
of  cross  section  of  the  Mystic  Water- Works  Conduit. 

[Adjourned.'^  H.  L.  Eaton,  Secretaiy. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


February  18,  1885  :— The  Club  was  called  to  order  at  8:15  p.  m.,  by  President 
Moore.     There  were  thirty-five  members  present. 

The  minutes  of  the  last  meeting  were  read  and  approved.  The  Executive  Com- 
mittee recommended  the  election  to  membership  of  the  following  gentlemen  : 

D.  E.  Condon,  J.  T.  Desmond,  P.  M.  Bruner. 

They  were  unanimously  elected  by  ballot. 

Mr.  Henry  B.  Wood  was  proposed  for  membership  by  Messrs.  J.  A.  Ockerson 
and  K.  TuUy. 

A  paper  by  Mr.  Thos.  H.  Macklind  on  "Street  Pavements,"  was  then  read,  and 
discussed  by  the  Club. 


PROCEEDINGS.  all 

Mr.    Hubert  P.    Taussig  then  read  a  paper  ou   "  Improvements  in  Switches," 
which  was  generally  discussed. 
[Adjoui'ned.l  Thos.  D.  Miller,  Secretary. 


March  4,  1885  :— The  Club  was  called  to  order  at  8:15  p.  m.  by  President 
Moore,  twenty-two  members  and  three  visitors  being  present. 

The  Executive  Committee  recommended  that  Mr.  Henry  B.  Wood  be  elected  a 
member  of  the  Club ;  being  balloted  for,  he  was  declared  unanimously  elected. 

The  next  order  of  business  was  the  reading  of  a  paper  on  "  Treatment  of  Wood 
for  Street  Pavements,"  by  Messrs.  Caldwell  &  Miller.  It  was  discussed  by  Messrs. 
Constable,  Johnson,  Robt.  Moore,  H.  C.  Moore  and  Lansden.  Mr.  Theo.  Plate, 
President  American  Wood  Preserving  Company,  being  present,  was  called  on  to 
give  his  views.  He  expressed  it  as  his  opinion  that  the  idea  that  gum  wood  was  a 
cheap  wood,  was  a  luistake,  because  when  all  heart  wood  was  required  it  necessi- 
tated more  work  and  consequently  greater  expense  in  securing  it,  than  has  hereto- 
fore been  supposed. 

Mr.  Lansden  exhibited  a  section  of  water-pipe  from  Fall  River,  Mass. ,  which 
had  lain  about  eighteen  months  in  a  bed  of  cinders,  where  it  was  submerged  in 
tide  water  twice  in  twenty-four  hours.  It  had  disintegrated  two-thirds  of  the  way 
through,  leaving  a  substance  as  soft  as  graphite,  the  pitch  coating  of  the  pipe  still 
being  plainly  visible  both  inside  and  out. 

lAdjourned.'i  Thos.  D.  Miller,  Secretary. 
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February  17,  1885  :— The  203d  meeting  was  held  at  4  p.  m..  President  Will- 
iams in  the  chair. 

The  minutes  of  the  preceding  meetuig  were  read  and  approved. 

The  committee  appointed  to  report  on  the  suggestions  made  by  Vice-President 
Chanutc  at  the  last  meeting  made  the  following 

REPORT : 

1.  The  Secretary  to  communicate  with  the  Secretary  of  the  Association  in  regard 
to  the  plan  proposed  by  Vice-President  Chanute  for  joint  discussion  of  papers  by 
the  different  Societies  of  the  Association. 

2.  A  committee  of  thi'ee  to  be  appointed  to  prepare  a  list  of  engineering  subjects 
upon  which  the  Society  would  invite  papers. 

3.  A  committee  of  three  to  be  appointed  to  report  upon  a  plan  for  securing  an 
endowment  fund,  the  revenue  of  which  shall  be  devoted  to  the  award  of  annual 
prizes  for  the  best  paper  contributed  by  a  member. 

This  report  was  adopted. 

Mr.  Morehouse  presented  the  following  as  amendments  to  the  Constitution  and 
By-Laws  : 

ARTICLE    III.    OF   CONSTITUTION. 

Add  as  Section  3.  The  President  and  Vice-President  shall  not  be  eligible  for 
election  to  the  same  respective  offices  for  a  second  consecutive  term. 

ARTICLE   V.  OF  BY-LAWS. 

Section  2.  Amend  to  read,  ' '  The  admission  fee  for  Associates  shall  be  ten  dol- 
lars."   All  after  these  words  to  be  omitted. 

On  motion  of  Mr.  Cregier  the  proposed  amendment  to  the  Constitution  was  laid 
on  the  table. 

The  Secretary  read  a  letter  from  Mr.  E.  B.  Noyes,  a  former  member  of  the 
Society,  requesting  signatures  to  a  petition  to  the  President  of  the  United  States, 
asking  that  a  Civil  Engineer  be  appointed  to  the  position  of  Chief  of  the  Bureau  of 
Yards  and  Docks  of  the  Navy  Department. 
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The  Chair  suggested  that  such  members  as  were  in  accord  with  the  petition 
should  affix  their  uames  to  it. 

The  President  having  requested  Mr.  Green  to  take  the  chair,  read  a  paper,  "  The 
Sepai-ate  vs.  the  Combined  System  of  Sewerage  as  Exemplified  in  the  Drainage  of 
Hyde  Park,"  illustrated  by  maps  and  plans. 

After  discussion  of  the  paper,  the  Secretary  presented  a  paper  by  Mr.  R.  Frank 
Hartford,  '"Some  New  Sewer  Formulae." 

Reading  of  this  was  postponed  to  the  next  meeting. 
lAdjourned.'l  L.  P.  Morehouse,  Secretaiy. 


March  3,  1885  :— The  204th  meeting  was  held  at  4  p.  M.  Mr.  Randolph  was 
called  to  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

The  Secretary  read  a  letter  from  President  Williams,  appointing  the  committees 
voted  at  the  last  meeting  : 

On  Topics  :    Messrs.  ArtiustaU,  Cole  and  J.  Nichol. 

On  Endowment  Fund  :    Messrs.  Chanute,  Cregier  and  Green. 

The  Secretary  read  the  paper  presented  at  the  last  meeting  by  Mr.  R.  F.  Hart- 
ford, "  Some  New  Sewer  Formulae."  Mr.  Cooley  offered  the  following,  which 
was  seconded  by  Mr.  Ci'egier,  and  unanimously  adopted  : 

Resolved :  That  President  Williams  be,  and  is  hereby,  requested  to  continue  his 
valuable  services  asjtheji'epi'esentative  of  this  Society  in  the  Association  of  Engi- 
neering Societies. 

[Adjourned.'i  L.  P.  Morehouse,  Secretaiy. 


Editors  reprinting  art  icl'-s  from  this  journal  art 
requested  to  credit  both  the  Journal  and  I  he 
Society  before   which  such  articles  were  read 
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DESCRIPTION  OF  THE  FOUNDATION  PLACED  BENEA.TH  THE 
PUMPS  AND  ENGINES  AT  THE  NEWTON,  MASS.,  PUMPING 
STATION. 


By  Albert  F.  Noyes,  Member  of  the  Boston  Society  of  Civil  Engineers. 
[Read  February  18,  188.5.] 


The  Newton  Pumping  Station  is  situated  about  one-fourth  of  a  mile 
east  of  the  Newton  Upper  Falls  Station  of  the  Woonsocket  Division  of  the 
New  York  and  New  England  Railroad.  The  site  upon  which  it  is  erected 
was  formerly  a  marshy  piece  of  land,  full  of  springs,  with  a  high  gravel 
hill  to  the  north  and  the  Charles  River  to  the  south.  The  elevation  of 
the  natural  surface  of  the  ground  was  between  grades  93  and  94.  The 
normal  height  of  the  water  in  the  river  is  grade  91,  with  a  minimum  and 
maximum  height  between  grades  89  and  93.  Borings  made  before  con- 
struction showed  that  there  were  from  eighteen  inches  to  two  feet  of 
muck,  one  to  two  feet  of  clayey  quicksand,  four  to  six  feet  of  sandy 
gravel,  and  twenty  to  thirty  feet  of  fine  quicksand,  under  which  there 
appeared  to  be  a  sandy  gravel  full  of  boulders  or  stone,  and  it  was  with  dif- 
ficulty that  a  pipe  could  be  forced  beneath  the  sand.  The  building  is  a 
one-story  brick  structure,  100  feet  by  50  and  53  feet,  with  a  boiler-room  in 
the  rear  and  a  wing  adjoining  the  boiler-room,  occupied  by  coal  etc.,  41 
feet  by  44  feet  10  inches.  The  pump  well  was  9  feet  10  inches  by  29  feet 
9  inches,  and  about  15  feet  deep  inside.  The  front  wall  of  the  building 
stands  on  one  of  the  side  walls  of  the  well,  so  that  the  well  occupies  nearly 
the  whole  front  of  the  basement  of  the  building.  The  bottom  of  the  well 
was  a  tight  platform  of  Georgia  pine,  and  the  walls  are  of  brick  masonry. 
From  the  pump  well  to  a  screen  chamber  about  56  feet  from  the  building, 
a  culvert  (3  feet  by  3  feet  6  inches  in  the  clear)  was  built  of  uncut  granite 
masonry,  laid  in  mortar. 

The  pumps  and  engines  were  made  by  Henry  R.  Worthington,  of  New- 
York.  The  water  plungers  of  *^he  pvunps  are  20  inches  and  22.5  inches 
in  diameter,  and  have  a  50-inch  stroke.     The  engines  are  compound. 
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duplex  condensiDg,  with  high-pressure  cylinders  of  30  inches  diameter, 
and  low-pressure  cylinders  of  51  inches  diameter. 

The  front  ends  of  the  piers  supporting  the  pumps  rested  on  one  of  the 
side  walls  of  the  pump  well,  while  the  rear  ends  and  engine  piers  rested 
upon  a  foundation  of  brickwork  15  inches  thick.  The  first  settlement 
or  change  in  the  alignment  of  the  engines  and  pumps  took  place  soon 
after  the  duty  test  in  1877,  and  continued  so  that  realignments  had  to 
be  made  every  six  to  nine  months,  which  involved  considerable  expense, 
aside  from  the  liability  of  cutting  the  piston  rods  and  steam  cylinders. 
These  changes  were  uneven,  being  for  the  most  part  toward  the  north, 
with  the  front  and  rear  ends  of  the  engines  and  pumps  canting  toward 
each  other;  thus,  in  effect,  doubling  the  actual  change.  During  tbe  con- 
struction of  the  pvmap  well  and  conduit,  considerable  difficulty  was 
encountered  with  quicksand,  and  the  platform  upon  which  the  walls  of 
the  well  were  built  settled  at  the  north  end  (according  to  the  Engineer's 
report  of  1877)  about  five  inches.  This  caused  sundry  cracks  in  the 
brickwork,  which  was  in  part  rebuilt.  My  attention  was  first  called 
officially  to  the  ti-ouble  early  in  the  year  of  1880.  An  examination  of  the 
pump  well  showed  several  cracks  through  which  the  ground-water  was 
flowing.  In  the  conduit  there  was  from  four  to  ten  inches  of  quick- 
sand, and  a  strong  inflow  of  ground  water  and  sand  from  between  the 
bottom  stones.  This  in  itself  seemed  sufficient  cause  for  the  settlement, 
and  it  was  determined  to  continue  the  24-inch  pipe  to  the  well  m  the 
place  of  the  conduit. 

As  one  of  the  chief  difficulties  presented  in  the  execution  of  this  work, 
was  the  stopping  of  the  inflow  of  the  ground  water  and  quicksand,  upon 
which  the  conduit  was  built,  the  method  employed  may  be  of  interest. 
Instead  of  sinking  a  well  ahead  of  the  general  excavation,  and  pumping 
directly  from  it,  eight  H-inch  pipes,  placed  about  fifteen  feet  apart,  were 
driven  to  a  stratum  of  coarse  sand  or  gravel,  about  35  feet  deep.  To  the 
ends  of  the  pipes  were  attached  the  ordinary  sand  strainer,  terminating  in 
a  sharp,  solid  point.  These  strainers  were  composed  of  a  perforated  iron 
pipe,  about  2  feet  long,  surrounded  by  a  fine  strainer  of  perforated  brass. 
These  pipes  were  connected  together  and  attached  to  a  small  Blake 
pump.  The  ground  water  was  so  lowered  that  the  excavation  was  made 
in  dry  ground,  excepting  at  a  point  directly  beneath  the  foundation  of  the 
building,  where,  although  greatly  checked,  a  considerable  flow  continued, 
which  had  to  be  taken  care  of  with  a  hand  pump.  The  stopping  of  the 
leak  in  the  conduit  diminished  the  frequency  of  the  settlement,  and  upon 
the  recommendation  of  Mr.  Wm.  E.  Worthen,  of  New  York,  who  was 
employed  as  consulting  engineer,  the  foundations  to  the  pumps  and 
engines  were  enlarged  by  placing  cement  concrete  around  the  piers,  five 
feet  in  v^ndth  (extending  three  feet  under  and  two  feet  outside  of  the  pier) 
and  two  feet  in  thickness.  The  j^iers  were  first  shored  and  braced  up  so 
as  to  prevent,  if  possible,  any  settlement  during  the  excavation  under- 
neath them  ;  this  having  been  accomplished,  excavation  was  begun. 
Small  sections  of  about  three  feet  in  width  and  extending  under  the 
foundation  to  the  extreme  depth  and  width  required,  were  removed,  and 
a  cement  concrete,  consisting  of  four  parts  clean  stone,  two  parts  sand 
and  one  part  Newark  cement,  was  rammed  into  the  excavation  ;  this 
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was  thoroughly  worked  and  rammed  solid.  These  sections  were  allowed 
to  stand  at  least  two  days,  and  generally  three  days  before  the  next  sec- 
tion to  them  was  excavated  ;  this  was  done  to  prevent,  as  far  as  possible, 
any  strain  being  brought  to  bear  on  the  concrete  before  it  was  thoroughly 
set.  In  excavating  for  these  sections,  water  was  reached  at  a  depth  of 
about  18  inches  from  the  top  ;  this  showed  that  the  leaks  in  the  conduit 
had  been  stopped  and  that  the  ground  water  was  returning  or  had  re- 
turned to  its  normal  height. 

The  settlement  of  the  large  pumping-engine  continuing  through  the 
year  1881,  with  no  apparent  prospect  of  ceasing,  the  Water  Com- 
mittee voted  eaiiy  in  the  year  1882  to  try  a  plan  for  a  quick  and  easy 
alignment  of  the  pumps  after  each  settlement,  as  recommended  by  Mr. 
William  E.  Worthen,  consulting  engineer.  The  plan  was  to  rest  the 
pumps  and  steam  cylinders  upon  long,  thin  oak  or  steel  wedges,  instead 
of  on  sulphur-beds,  as  heretofore.  Should  a  slight  settlement  occur,  it 
was  designed  that  the  wedges  should  be  started,  and  the  axis  of  the 
cylinders  in  the  pumps  and  engines  brought  into  the  same  plane.  But, 
owing  to  the  irregularity  in  the  surface  of  the  castings,  each  wedge  and 
each  face  had  to  be  refitted  after  each  alignment.  As  this  would  entail 
a  larger  expense  than  by  renewing  the  sulphur-bed,  the  Committee 
decided  to  put  the  engines  and  pumps  on  a  new  foundation. 

In  accordance  with  their  instrvtctions.  the  following  plan  for  the  new 
foundations  was  submitted,  and  adopted  by  them  : 

The  building  was  carefully  shored  up  so  that  but  little  of  the  weight  of 
the  walls  rested  on  their  foundations,  and  any  settlement  which  might 
occur  would  not  injure  the  building.  An  excavation  was  made  the  full 
size  of  the  interior  of  the  building,  except  such  portions  as  were  occu- 
pied by  the  engines  and  pumps.  The  sides  of  the  excavation  were  care- 
fully sheeted  and  braced,  and  the  excavation  earned  to  a  depth  of  eleven 
and  twelve  feet.  A  trench  one  foot  deep  and  two  feet  wide  was  exca- 
vated around  the  edge  of  the  excavation,  and  filled  with  Portland  cement 
concrete,  which  was  carried  fifteen  inches  above  and  over  the  bottom  of 
the  whole  excavation.  Upon  this  a  solid  bed  of  13"  X  13"  hard  pine 
timbers  was  laid  parallel  to  the  pumps,  and  thoroughly  tree- nailed 
together  with  IJ"  locust  tree-nails  twenty  inches  or  more  long,  and 
bedded  in  fresh  cement  mortar.  Upon  this  another  layer  of  13"  X  13" 
timber  was  laid,  at  right  angles  to  the  first,  and  each  cross  of  timber 
having  a  tree-nail,  as  above.  A  third  course  was  laid,  as  above,  parallel 
to  the  first,  and  the  whole  covered  with  a  bed  of  Rosendale  cement  con- 
crete four  and  one-half  feet  thick,  and  Portland  cement  concrete  six 
inches  thick,  and  leveled  off  twelve  inches  below  the  basement  floor. 
Upon  this  was  laid  the  brick-work  for  the  floors  and  piers.  The  main 
body  of  concrete  was  strengthened  and  welded  together  by  imbedding 
eighteen  strips  of  2V'  X  f "  wrought  iron,  with  split  and  turned  ends, 
laid  crosswise,  and  nine  strips  laid  longitudinally  in  the  concrete  in  three 
layers  of  six  and  three  each.  All  cracks  in  the  building  were  carefully 
pointed,  so  that  any  subsequent  settlement  can  be  detected.  Although 
the  excavation  was  made  several  feet  below  the  foundation  of  the  build- 
ing, in  running  sand,  gravel,  and  quicksand,  no  sign'  of  a  settlement  has 
been  apparent  as  yet. 
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Feeling  that  there  might  still  be  cavities  beneath  the  planking  of  the 
pump-well,  borings  were  made  with  a  quarter-inch  bell-hanger's  auger, 
which  sliowed  that  spaces  existed  under  nearly  the  whole  bottom  of  the 
well,  varying  in  depth  from  nothing  to  10  or  more  inches.  It  was  there- 
fore decided  to  inject  cement-gi'out  under  the  plank,  in  order  to  make 
everything  as  solid  as  possible.  The  well  was  29  feet  9  inches  long  by  9 
feet  10  inches  wide  and  about  15  feet  deep,  with  a  screen  and  gate-cham- 
ber 5  feet  4  inches  hy  4  feet  6  inches,  of  the  same  depth  as  the  main  well. 

As  the  water-pressure  against  the  bo'tom  of  the  well,  when  empty, 
was  equal  to  10  feet  of  head,  it  was  necessary  to  bore  through  the  plank- 
ing under  a  head  equal  to  that  in  the  ground  outside.  Cast-iron  flanges 
were  made  fast  to  the  plank  bottom  by  lag-screws.  A  length  of  3-inch 
pipe  12  feet  long  was  screwed  into  the  flange.  The  pipe  was  filled  with 
water  and  the  plank  bored  with  a  long-handled  auger.  To  insure  the 
perfect  filling  of  all  cavities, four  of  these  3-inch  pipes  were  placed  equi-dis- 
tanr  from  each  other  through  the  centre  of  the  well,  and  ten  2-inch  pipes, 
used  merely  for  vents,  were  placed  on  the  extreme  sides  and  corners  of 
the  well.  The  main  3-inch  pipes  were  carried  to  the  level  of  the  engine- 
room  floor  by  the  addition  of  a  length  of  pipe  to  each,  and  the  cement- 
grout  poured  from  this  floor  had  a  ht^ad  or  pressure  equal  to  thirteen 
feet. 

The  grout  used  was  of  clear  Portland  cement  (Lion  bi-and)  mixed  to  a 
consistency  of  thick  cream.  The  mixing-boxes  were  two  in  number,  five 
feet  long,  four  feet  wide,  and  one  foot  deep,  placed  side  by  side,  and  each 
divided  into  two  sections  by  a  partition  in  the  middle.  Each  side  of  the 
partition  was  a  two  and  a  half  inch  hole  with  a  wooden  plug.  On  the 
under  side  was  fastened  a  galvanized  iron  funnel,  which  was  set  on  the 
top  of  the  pipe.  The  mixing  of  the  grout  in  each  section  of  the  boxes 
was  continuous,  so  that  a  steady  stream  was  running  into  the  pipe  from 
the  commencement  of  i  he  work  to  the  finish.  The  pouring  was  com- 
menced upon  a  pipe  at  the  extreme  end  of  the  well,  and  the  thoroughness 
of  the  work  was  shown  by  the  water  gradually  rising  in  each  of  the  other 
pipes,  and  finally  filling  each  with  solid  cement.  Sixteen  and  a  half 
barrels  of  cement  were  thus  used  ;  but  1  estimate  about  one  and  a  half 
barrels  as  wasted  in  the  several  pipes  and  in  the  overflow.  I  therefore 
estimate  that  about  fifteen  barrels  were  actually  injected.  Further  bor- 
ings showed  that  the  cement  extended  at  least  six  or  eight  feet  beyond 
any  of  the  vent-pipes,  and  how  much  farther  it  may  have  extended  I 
have  no  means  of  knowing. 

The  work  upon  the  foundations  of  the  large  pumps  showed  that  the 
wall'^  of  the  pump-well  were  badlj*  cracked  and  broken  by  the  various 
settlements.  It  was  decided  to  grade  up  the  bottom  so  that  it  would 
pitch  toward  the  gate  to  lay  a  foui'-inch  brick  invert  in  the  bottom,  to 
line  each  wall  with  eight  inches  of  brick-work,  and  to  construct  three 
additional  cross-wall- — one  twenty  inches  thick  and  two  twelve  inches 
thick,  one  on  each  side  of  the  suction-pipe.  About  nine  inches  of  con- 
crete were  required  at  the  north  end  of  the  well,  running  to  nothing  in 
the  centre,  in  order  to  bring  the  bottom  to  a  level.  In  order  to  obtain 
sufficient  depth  of  water  under  the  foot- valve  of  the  large  pump,  the 
south  half  of  the  well  was  shaped  up  with  concrete  instead  of   brick.     It 
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was  intended  to  calk  all  of  the  leaks  in  the  old  wall  before  laying  the 
brick- work  ;  but  the  old  wall  was  found  to  be  so  weak  and  rotten  that 
the  calking  of  a  large  leak  would  cause  a  large  number  of  small  ones  to 
burst  forth.  For  this  reason  the  calking  was  abandoned,  and  chasings 
cut  in  the  wall  to  carry  the  water  away  from  the  new  work  as  much  as 
possible.  In  order  to  insure  the  new  walls  being  perfectly  water  tight, 
the  face  course  was  kept  about  one  foot  higher  than  the  backing-up 
course.  The  back  of  the  face-course  was  well  plastered  and  allowed  to 
become  soUd  and  well  set  before  laying  the  backing-up  course,  which 
was  one-half  a  course  below  the  face-course,  thus  making  a  complete  break 
between  the  joints  of  the  two  walls.  Holes  were  left  in  the  work  for  the 
escape  of  the  water,  and  when  the  work  was  complete  these  were  calked 
with  a  putty  made  of  hot  grease  and  Portland  cement,  which  set  very  hard 
the  moment  water  struck  it ;  where  necessary,  oakum  was  calked  with 
the  putty.  Portland  cement  was  used  in  all  the  concrete,  in  laying  the 
brick  invert,  the  lower  part  of  the  walls,  the  three  courses  in  the  arches 
of  the  cross- walls,  the  tying-in  of  the  cross-walls,  and  the  whole  north  half 
of  the  well  up  to  the  top.  The  remainder  of  the  work  was  laid  in  Rosen- 
dale  cement.  A  large  amount  of  cement  was  used  dry  in  stanching 
water  in  the  work,  and  almost  all  the  mortar  was  one  to  one  of  sand. 
In  the  northwest  corner  of  the  well  the  largest  leak  was  allowed  to 
run  through  a  pipe  uniil  all  the  work  was  completed,  when  the  pipe  was 
capped.  The  well  was  made  perfectly  tight,  and  no  leaks  have  since 
been  discovered. 
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By  R.  Frank  Hartford,  Member  of  the  Western  Society  op  Engineers. 
[Read  March  S,  1885.] 


The  following  formulse  are  respectfully  submitted  to  the  profession, 
with  the  wish  that  they  may  prove  to  be  as  useful  to  others  as  they  have 
been  to  the  writer. 

The  two  best-known  formulse  for  determining  the  flow  of  water  in 
open  channels  are  those  of  Weisbach  and  of  Kutter,  but  both  of  these 
have  proved  inapplicable  to  brick  sewers  as  ordina^'ily  constructed, 
actual  tests  showing  that  the  first  gives  results  much  too  small,  while  the 
second  gives  results  quite  as  much  too  large,  with  n  =  .013.  If  n  be 
taken  at  .014,  Kutter's  formula  gives  good  results  ;  but  engineers  hesitate 
in  adopting  it  because  of  its  cumbersomeness. 

In  my  own  practice  I  have  used  for  several  years,  with  satisfactory 
results,  the  following : 

/  0.00253  \  „  ^  ^ 

m  H -J —  ]  R  y  S 

(1.)  V  =  -^ -^ 

in  which 
V  =  mean  velocity  in  feet  per  second  : 
S  =  sine  of  inclination  of  flow  ; 
J2=  hydraulic  mean  depth. 
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m  and  n  are  constants,  depending  on  the  kind  of  channel  bed,  having 
the  following  values  : 

For  brick,  first-class  work,  m  =  184.07,  n  —  0.58. 

"       "        average       "         "  =  175.66,  "  =  0.65. 

"    clay-pipe,  well  laid,       "  =  225.7,    "  =  0.44. 

average,        "  =  210.2,    "  =  0.50. 

As  this  formula  is  general  in  its  application  values  of  m  and  n  for  other 

material  might  be  given:  but  the  above  suffice  my  present  purpose. 

For  falls  less  than  1  foot  in  2,000  feet,  tlie  following  modification  of  (1.) 
is  preferred,  viz. : 

(2.)  v  =  -—r-. . 

VR  +  n 

If  Q  =  cubic  feet  discharged  per  second, 

a  =  cross  sectional  area  of  flow. 

„  am  R  V  S 

V  R  +  n 

In  a  circular  sewer,  flowing  full  or  part  full,  a  R  may  be  represented 

by  X  D^  and  R  by  y  D,  x  and  y  being  coefficients,  dependent  on  depth  of 

flow,  and  D  being  diameter  of  sewer;  so  (3.)  may  be  written  as 

(4.)  Q  =  rnxD^VS 

V  y  D  +  71 
From  the  well-known  Burkli-Zeigler  formula  for  storm-water  flow, 

(5.)  Q  =  cb(A^  F)K 

in  which  c  is  a  coefficient  for  drainage  surface,  b  is  coefficient  for  rain- 
fall, ^4  is  drainage  area  in  acres,  and  F  is  average  sloj^e  of  surface  of 
ground  per  1,000  feet. 

Placing 

— ^ — —  =  cb  {A^  Fy; 
V  y  D-\-n 

and  equating  for  D,  we  have 

(6.)  D  =  fc  b  (  ^iD  +  nUA^  Fy 

,   m  X  V  S 


q  represent  cj 
k        "  bl 


V  y  D-\-  n 


Now  let 


mx 

N        "  1 

S 

and  (6.)  takes  the  following  as  a  good  working  form  : 

(7).  D  =  aqk  (A^-S  FO-5  N)^ 

The  values  of  q  and  k  are  as  follows  : 

3  = 
1.00  for  roofs: 
.88   "   paved  streets; 
.69    "   unpaved  streets  and  lawns; 
.67    "    cultivated  land,  gentle  slopes; 
.85    "   average  city  condition. 
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k  = 
.79  for  I  inch  rainfall  per  hour. 
■  1.00  "  l" 
1.08  "  n 
1.15  "  li 
1.21  "  If 
1.26    "   3 

It  will  be  seen  that  a  is  a  variable,  changing  with  the  sixth  root  of  D  ; 
but  satisfactory  results  are  obtained  by  the  use  of  a  constant  (a),  given 
below,  and  found  as  follows;  For  brickwork  as  commonly  done  in  sewers, 
m  =  175.66  and  n  =  0.65.  For  sewers  flowing  three-fourths  full  x  — 
0.3017  X  0.6319  and  ?/  =  0.3017,  whence 

4  Ojoiyi)  4-  0.65 \  i     Qj. 

175.66  X  0.3017  X  0.6319  / 


.)    a  =0.39331  f  v  i)  +  1  )* 


By  inserting  an  average  value  of  D  in  (8.),  we  have  as  working  constants, 

a  = 
0.385  for  brick,  circular,  good  work  three  fourths  full. 
0.411    "        "  "         average        "  •' 

0.297    •'    clay 

To  these  we  may  add 
a  =  0.187  for  brick,  oval,  average  work,  two-thirds  full  for  use  in 

(9.)     r  =^aqk  (a^-'-  Fo.o  N 


in  which  r  is  one  half  transverse  diameter  of  an  oval  sewer  whose  vertical 
diameter  is  f  the  transverse  diameter. 

These  values  of  a  will  not  err  more  than  4  per  cent  in  extreme  cases, 
giving  results  a  trifle  large  in  the  smaller  diameters  and  a  trifle  small  in 
the  larger  diameters.  Of  course,  any  degree  of  accuracy  may  be  obtained 
by  substitutions  and  repetitions  in  (8.)  and  (7.)  and  (9.). 

If  the  quantity  {Q)  to  be  discharged  be  known — 

(10).     Dorr  =  a{Q^Nr 

A  comparison  of  formula  (7,)  with  those  in  common  use,  may  be  of 
interest. 

Let  ^  =  1000  acres. 

N  =    500  feet. 

F  =       4  feet  per  1000  feet. 
Rainfall  is  one  inch  per  hour. 
For  convenience  the  common  forniulae  are  reduced  to  a  similar  form. 

Adams,       (^l^^V  =  Z)  r=  6.58  feet. 
V  6168/ 

Hawksly,      _—        =  D  =  5.89  feet. 

\ 98137 

Roe,  (A^N\    *^  ^  ^  5  9Q  f^g^ 

\  5804/ 
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Prony,         (^^^  =  i)  =  9.71  feet. 

1. 

Downing,    (4^^  '   =  D  =  9.59  feet. 
\  6168/ 

The  new  formula  gives  for  •'  average  city  condition,"  flowing  full, 
0.33  (A^-^F"-^N)^  =  D  =  5.88  feet. 
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By  This.  H.  Mackland,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Bead  February  18,  1885.] 


The  first  settlement  of  a  country,  or  city,  is  always  of  interest  in  con- 
sidering its  subsequent  growth  and  development. 

One  huTidred  and  twenty-one  years  a^o,  on  the  fifteenth  day  of  Feb- 
ruary, 1764,  about  three  o'clock  in  the  afternoon,  Pierre  Liguest  de  Laclede, 
August  Chouteau,  and  others,  came  up  the  river  in  boats  from  Carondelet 
and  below,  and  landing  on  the  river  front,  at  or  near  the  present  location 
of  Market  and  W^alnut  streets,  commenced  cutting  down  trees  and  build- 
ing a  trading  house  on  the  present  site  of  St.  Louis.  In  this  simple  manner 
was  the  foundation  of  the  great  city  laid;  no  blare  of  trumpets,  no  roll  of 
drums,  only  the  echo  of  keen  axes  swung  by  strong-armed  men  ushered 
in  the  natal  day  of  the  now  gi-eat  city  by  the  great  river.  The  lone  trad- 
ing post  turned  out  to  be  a  profitable  venture,  and  a  village  gradually 
grew  up  around  it,  untd  St.  Louis  became  a  point  of  note  on  the  Missis- 
sippi River,  and  on  the  general  map  of  the  country.  After  a  lapse  of 
forty-five  years,  the  town  of  St.  Louis  was  incorporated  Nov.  9th,  1809, 
by  the  Court  of  Common  Pleas  for  the  District  of  Sf.  Louis,  under  the 
authority  of  an  act  of  the  Legislature  of  the  Territory  of  Louisiana,  passed 
June  8th,  1808.  At  this  period  of  her  history  the  streets,  and  the  public 
highways  leading  out  into  the  country  beyond,  were  of  the  most  primitive 
kind,  improved  from  time  to  time  as  the  increase  of  business  demanded ; 
and  Hs  horses  or  oxen  were  not  then,  as  now,  expected  to  draw  double 
their  weight  in  addition  to  the  vehicle,  they  in  a  measure  answered  their 
purpose. 

In  1815  the  first  dray  was  introduced  for  transporting  goods.  The 
legend  tells  us  that  the  driver  thereof  was  one  Patrick  Laughlin.  Be 
that  as  it  may,  it  marked  an  era  in  street  history  of  the  city. 

It  was  not  an  unusual  spectacle  during  wet  weather  to  see  loaded  drays, 
wagons  and  other  vehicles,  in  the  language  of  the  day,  "  mired  down" 
for  hours,  until  finally  released  by  the  aid  of  additional  oxen  or  horses, 
supplemented  in  extreme  bad  ca^es  by  levers  in  the  shape  of  strong  fence 
rails,  which  in  those  days  of  Arcadian  simplicity  were  kept  on  hand  by 
the  provident  trader  to  facilitate  the  onward  march  of  traffic,  so  that  by 
a  combination  of  hard  pulling,  science,  and  perhaps,  under  the  circum- 
stances, justifiable  swearing,  the  load  sped  on  its  way,  as  a  shout  of  relief 
went  up  from  the  motley  assembly  who  alwavs  congregate  on  such 
occasions.   Thus  street  scenes  were  often  displayed  that,  were  they  placed 
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on  canvas,  would  be  hailed  as  among  the  rare  treasures  of  art,  as  illus- 
trating the  times  and  diflBculty  encountered  by  the  trader  in  handling 
the  limited  commerce  of  the  day. 

The  arrival  of  the  first  steamboat  at  the  landing  of  St.  Louis  in  1818, 
presaged  the  future  of  the  great  valley,  and  gave  a  keener  edge  to  trade  ; 
and  it  was  not  until  about  this  time  that  anything  of  note  in  street 
improvement  was  attempted. 

The  lines  of  many  of  the  streets  were  not  definitely  fixed  until  1823,  in 
which  year  a  board  of  fifteen  members  was  appointed,  to  ascertain  and 
fix  the  boundaries  and  extent  of  the  streets  and  alleys  of  the  city,  from 
oral  and  documentary  evidence. 

The  charier  of  1822  having  authorized  the  lery  of  special  taxes  for 
paving  and  lighting  5treets,  steps  were  taken  by  ordinance  to  comraence 
the  work  in  April,  1823.  In  August  of  the  same  year,  an  ordinance  was 
passed  to  pave  Main  street  in  the  best  manner,  with  good  strong  stone, 
to  be  paid  by  special  tax,  excepting  the  intersections,  which  were  to  be 
paid  for  by  the  city,  from  the  northeast,  and  west  corners  of  the  cross 
street  leading  to  the  ferry  landing;  to  the  northeast  and  west  corners  of 
the  cross  street  which  divided  the  lots  of  R.  Wash  and  William  Clark 
from  the  lots  of  Madame  Benoist  and  James  Loper.'  The  ordinance  of 
August  13th,  1823,  also  provided  for  streets,  liaes  aad  alleys,  to  be  paved 
in  the  same  manner  as  Main  street  with  good  strong  stone. 

St.  Louis,  and  the  country  aroTind  about,  bjing  underlaid  with  lime- 
stone that  material  was  naturally  adopted,  being  easy  of  access;  thus  it 
came  that  the  character  of  our  streets  was  the  natural  outgrowth  of  our 
geological  surroundings. 

The  general  form  of  street  and  alley  pavement  was  blocks,  roughly 
dressed,  ix-regular  in  size,  from  three  to  12  inches  thick,  6  to  14  inches 
long,  and  6  to  10  inches  depth,  set  on  a  sand  bed  6  inches  deep. 

Alleys  were  paved  then,  as  now.  to  drain  on  the  centre  line  with  a  rise 
of  one-half  inch  to  one  foot  of  cross-section  ;  the  streets  were  formed  in 
general  to  carry  off  the  water  at  the  sides.  The  surface  jjresented  a  mod- 
erately fair  wheelway  when  new  and  while  kept  properly  in  repair, 
which,  however,  was  ratlier  the  exception  than  the  rule. 

In  1823,  an  ordinance  was  passed  to  lay  out  a  sti-eet  along  the  river 
front,  adopting  the  survey  of  the  city  made  in  that  year  as  the  true  one, 
and  that  the  map  thereof  be  preserved.  In  this  year  a  city  surveyor  was 
also  appointed. 

In  1824,  Market  street  was  widened  to  fiftv  feet,  English  measure,  from 
tlie  wharf  to  Fourth  street.  In  1826,  the  streets  north  of  Market  street, 
within  the  then  city  limits,  received  their  present  names  ;  also  streets 
running  parallel  with  the  river. 

In  1827,  July  27,  an  ordinance  to  grade,  repair  and  clean  the  streets 
was  passed,  after  a  protracted  discussion,  over  the  Mayor's  veto,  so  that 
in  1827  it  was  found  that  the  growth  of  the  city  demanded  clean  as  well 
as  13a ved  streets. 

Prior  to  Sept.  24,  1828,  the  feny  landings  had  not  been  established.  In 
that  year  an  ordinance  was  passed  fixing  their  location.  In  this  year  1  he 
office  of  Surveyor  and  Street  Commissioner  was  consolidated,  an  impor- 
tant step  towards  a  more  uniform  and  continuous  system  of  street  service. 
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In  1829,  Second  street  was  ordered  graded  and  paved,  from  Market 
street  to  Pine  street,  and  Walnut  street  from  Main  street  to  the  river; 
also  in  1829,  an  ordinance  was  passed  to  grade  Front  street  from  Market 
street  to  Prune  street,  now  Christy  avenue,  37  feet  6  inches  wide. 

In  Febiniary,  1832,  an  oi'dinance  was  passed  to  improve  Second  street, 
on  the  macadamized  plan,  from  Spruce  street  to  Almond  street,  with 
stone  to  be  broken  to  pass  through  a  2  inch  ring,  the  stone  to  be  laid  to  a 
depth  of  9  inches,  the  work  to  be  paid  for  by  special  tax. 

This  was  the  first  street  improved  in  this  manner,  so  that  St.  Louis  has 
53  years'  experience  with  broken  limestone,  macadam,  67  years  with 
limestone  block  pavements. 

In  1840,  we  find  the  first  inlet  introduced  to  carry  off  the  surface  water 
at  the  corner  of  Laurel  street,  now  Washington  avenue,  and  Second 
street.  The  few  sewers  then  in  existence  were  built  for  private  use  ;  no 
provision  had  as  yet  been  made  for  house  or  street  drainage  ;  but  the 
question  had  begun  to  press  itself  on  public  attention.  The  accumulating 
flow  of  water  during  rains,  over  the  street  surfaces,  as  they  were  extended 
and  improved,  made  it  imperative,  if  good  streets  were  to  be  maintained, 
that  adequate  under-drainage  should  be  provided. 

In  1841,  Franklin  avenue,  from  Fourth  street  to  Seventh  street,  was 
graded  and  macadamized;  this  is  the  second  mention  of  macadam  since 
1832.  This  year  was  also  noted  for  the  introduction  of  gas  to  light  the 
streets,  from  Front  to  Seventh  street  and  from  Market  street  to  Vine 
street. 

From  1841  to  1842,  street  impi'ovement  was  pushed  with  some  vigor  ; 
in  the  latter  year,  the  wharf  was  ordered  paved  from  Cherry  street  to 
Plum  street,  and  for  the  first  time  the  specifications  for  paving  took  a 
well-defined  form:  "The  pavement  to  be  laid  with  hard,  solid  stone, 
from  the  neighborhood  of  St.  Louis,  the  paving  sets  to  be  10  inches 
deep,  5  to  4  inches  thick,  and  7  to  12  inches  long,  placed  on  a  bed  of 
coarse  gravel  7  inches  deep,  and  then  rammed  with  a  rammer  of  the 
greatest  weight  the  solidity  of  the  stone  would  allow,"  The  same  gen- 
eral specifications  for  this  character  of  work  still  prevail. 

In  December,  1841,  the  present  system  of  sewerage  was  foreshadowed 
by  ordinance  No.  861,  and  has,  since  1849,  in  general  kept  pace  with  and 
aided  street  construction  in  permitting  better  grades,  the  disuse  of  cross 
gutters,  and  the  disposing  of  surface  water  to  the  great  betterment  of 
the  streets,  avenues,  and  alleys  ;  in  fact,  it  cannot  be  said  that  a  city  can 
be  well  paved  until  properly  drained. 

Commercial  street  was  first  graded  and  paved,  in  1842,  with  limestone 
blocks  set  on  edge,  and  remained  in  stone  until  1867,  a  period  of  twenty- 
five  years,  with  repairs  from  time  to  time  under  the  tonnage  of  that 
period,  which  may  be  put  at  20  tons  per  foot  of  cross-section,  the  busi- 
ness being  of  a  strictly  receiving  and  shipping  character,  with  little  or  no 
through  traffic,  which,  on  the  basis  of  paving  at  the  time,  makes  the 
cost  of  construction  and  maintenance  one  dollar  and  thirty  cents  per 
year  per  square  of  100  feet  superficial,  during  the  period  of  twenty-five 
years.  In  1867,  this  street  was  reconstrticted  with  burnettized  cotton- 
wood,  and  again,  in  1874,  with  white  pine,  nvt  prepared,  an  average  of 
seven  years  for  each  reconstruction,  and  costing  an  average  of  three  dol- 
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lars  and  thirty  cents  per  square  of  100  feet  superficial,  exclusive  of  grad- 
ing, preparing  the  foundation  and  repairs  ;  were  the  last  item  of  expense 
at  hand,  it  would  still  further  enhance  the  cost.  An  examination  of  the 
first  reconstruction,  in  1873,  showed  the  work  badly  affected  with  decay, 
having  numerous  holes  :  an  examination  of  the  second  reconstruction,  in 
1880,  showed  the  pine  to  be  in  no  better  condition  than  the  cottonwood 
that  had  preceded  it,  both  having  begun  to  show  signs  of  weakness  after 
three  years,  needing  repairs  early  in  the  fourth  year  and  constant  nurs- 
ing until  the  end;  which  liad  better  occurred  at  the  end  of  the  fifth  than 
the  seventh  year,  for  in  fact  the  last  years  of  the  pavement  had  had  no 
value,  except  by  courtesy.  Burnettized  cottonwood  and  good  white  pine 
not  Burnettized,  for  paving,  may  be  rated  as  equal  under  the  same  con- 
ditions. 

Walnut  street  from  Main  street  to  Second  street  was  reconstructed 
with  Nicolson  pavement  in  1860,  the  paving  blocks  were  white  oak, 
laid  on  pine  flooring  1  inch  thick  with  strips  3  inches  high  and  1  inch 
thick,  the  flooring  tarred,  the  channels  filled  with  dried  gravel  well 
rammed  down,  then  poured  full  of  a  composition  of  gas  coal  tar;  after  four 
years  and  three  months  the  street  was  repaired,  and  at  the  end  of  seven 
years  had  to  be  reconstructed.  This  was  followed  by  a  Nicolson  pave- 
ment of  cottonwood,  which  lasted  six  j^ears;  this  again  with  a  Nicolson  of 
w^hite  pine,  which  lasted  seven  years  ;  and  after  four  years  had  to  be 
repaired,  and  at  the  end  of  seven  years  was  worn  out,  except  a  strip  in  the 
gutters;  the  three  wood  pavements  averaging  but  six  years  and  eight 
months;  Walnut  street  is  36  feet  wide  between  the  curbs,  with  a  grade 
of  one  and  a  half  per  cent.,  and  a  cross-grade  of  0.04  to  the  foot;  the  traf- 
fic, about  70  tons  to  the  foot  of  cross-section;  the  direction  of  the  street 
being  from  east  to  west,  which  may  be  considered  the  most  favorable 
one  for  a  street  to  occupy  wich  relation  to  light,  heat  and  cold,  which 
m  the  case  of  Commercial  street,  which  I'uns  north  and  south,  no  doubt 
had  an  effect,  owing  to  its  course,  height  of  buildings,  narrowness  of 
street,  and  great  amount  of  water  thrown  upon  it  from  the  house  spouts 
during  rains — decay  in  the  blocks  was  materially  accelerated,  the  street 
having  succumbed  from  decay  rather  than  from  wear. 

Stone  block  and  macadam  pavements  constructed  of  limestone,  from 
1818  to  1860,  had  been  thoroughly  tried  and  found  too  short-lived,  even 
when  the  material  wascirefully  selected  and  the  work  well  done,  which 
in  general  was  the  case,  the  material  being  unequal  to  the  wear  thrown 
upon  it  by  the  growth  and  increase  of  traffic  in  the  business  centre  of 
the  city,  to  say  nothing  of  the  mud  and  dust ;  so  that  the  introduction 
of  wood  on  an  extended  scale  in  1863  was  a  valuable  one,  when  com- 
pared with  limestone  blocks  and  macadam,  under  heavy  traffic. 

The  total  Nicolson  laid  in  St.  Louis  from  1860  to  1870  amounted  to 
16,651  squares,  covering  ten  miles  of  contiguous  streets  in  the  business 
centre  of  the  city,  the  original  cost  being  $683,357,  an  average  of  $41.04 
per  square  of  100  feet  superficial,  including  the  Nicolson  patent  fee  :  the 
average  life  of  the  pavement  has  been  six  years  and  three  months  ;  for 
oak,  cotton  wood  and  rafted  white  pine,  the  cost  of  maintenance  has 
been,  in  round  numbers,  $3.50  per  square  per  year  for  the  whole  time, 
19  years,  on  an  average  of  13,139  squares  maintained  for  that  period, 
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costing  $470,630 ;  total  cost,  $1,153,987,  making  the  cost  of  1  square  for 
19  years  $87.82,  and  the  cost  of  laying  and  maintaining  1  square  per  year, 
$4.62. 

The  highest  price  paid  was  $47  and  the  lowest  $30  per  square, 
except  in  the  case  of  Walnut  street,  which  cost  $24  per  square.  The 
highest  cost  of  maintenance  was  $4  16,  and  lowest  $0.44  per  square  per 
annum.  The  flooring  boards  when  taken  up,  at  any  time,  were  found  to 
be  but  little  affected  by  decay,  and  generally  wore  out  two  sets  of  blocks, 
being  worn  down  to  half  an  inch  in  thickness,  in  some  instances,  without 
being  fractured  after  10  to  14  years  service,  an  indication  of  a  good 
foundation,  which  in  streets  under  consideration  was  in  every  case  the 
natural  grade,  shaped  to  the  desired  form,  with  sufficient  sand  for  level- 
ing to  receive  the  flooring  ;  it  may  be  considered  a  mooted  question  if  a 
plank  floor  is  not  as  good,  if  not  better,  than  a  rigid  foundation  that  is 
impervious  to  water  ;  when  the  blocks  shrink,  which  they  do  either  from 
a  high  or  low  temperature.  Rains  in  summer  and  iha^vs  in  winter  fill 
the  open  joints  with  water,  which  percolates  through  the  joints  in  the 
flooring  and  in  a  measure  escapes  in  the  one  case,  and  in  the  other  case 
is  held  among  the  blocks  until  carried  off  by  heat  or  dryness  in  summer, 
and  in  winter  freezing  and  forcing  the  blocks  out  of  position.  To  over- 
come this  inherent  quality  in  wood  to  shrink  and  swell,  under  the  con- 
ditions of  our  climate,  ranging  from  15^  below  to  100°  degrees  above 
zero  in  the  open  air.  These  are  points  of  vital  importance  and  worthy 
of  consideration  in  this  connection. 

Our  experience  with  pine  prepared  under  the  creosote,  or  Thilmaney 
processes,  gave  no  better  results  than  theBurnettizmg  process;  the  blocks 
in  the  two  cases  mentioned  were  white  pine.  The  elm  blocks  treated  by 
the  Thilmaney  process  take  no  higher  rank  than  the  others. 

In  1880  sweet  gum  wood  was  introduced  and  jiut  down  at  a  number  of 
points  on  the  old  Nicolson  foundation. 

On  Main  street,  between  Washington  avenue  and  Vine  street,  in  1880, 
a  block  was  put  down  of  the  above  mentioned  wood,  prepared  under  the 
Wellhouse  process,  and  after  three  years'  wear,  under  a  traffic  of  150  tons 
per  foot  of  wheelway,  was  badly  broken  up  in  1884,  and  reconstructed  in 
the  same  year  with  granite,  thus  costing  the  city  an  average  of  $5  83  per 
square  of  100  superficial  feet  per  annum,  equal  in  round  numbers  to  a 
yearly  cost  of  80  cents  per  front  foot  per  year. 

The  grade  on  Main  street  from  Washington  avenue  to  Vine  is  1.20  per 
cent.,  with  a  cross  grade  of  0.05  to  the  foot  of  cross-section. 

Cherry  street  from  the  wharf  to  First  street,  put  down  in  1880,  was 
totally  worn  out  in  the  spring  of  1882.  This  work  cost  $18.50  per  square 
of  100  feet  superficial.  The  grade  on  this  block  is  9  per  cent.,  with  a 
cross-grade  of  0.04  to  the  foot  of  cross-section;  the  blocks  were  sweet 
gum  prepared  under  the  Wellhouse  process,  laid  under  the  old  Nicolson 
specification — the  style  of  all  our  wood  streets  until  1884  ;  the  traffic  on 
this  block  may  be  rated  at  100  tons  per  foot  of  cross-section,  50  tons  less 
than  on  Main  street,  the  traffic  on  Main  street  being  coniinuous,  while 
that  on  Cherry  street  ebbs  and  flows,  there  being  no  through  traffic,  yet 
the  grade  of  Cherry  street  being  7.80  per  cent,  in  excess  of  that  on  Main 
street  accounts  for  the  greater  wear  under  a  much  lighter  tonnage  ;  yet 
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the  cold  fact  remains  that  sweet  gum  paving  blocks  gave  out  in  less  than 
two  years  on  this  street,  while  cottonwood  and  white  pine  made  a 
record  of  from  4  to  5  years  under  the  same  conditions;  thus  it  will  be 
seen  that  sweet  gum  has  cost  the  city  in  round  numbers  on  this  block  on 
Cherry  street  at  the  rate  of  $9.25  per  square,  equal  to  a  ground  rent  per 
front  foot  of  $1.40  in  round  numbers  per  year. 

Main  and  Cherry  streets  at  the  points  cited  did  not  fail  from  decay,  or 
defective  workmanship,  nor  yet  from  wear — which  did  not  exceed  one 
and  a  quarter  inches  in  three  years  on  Main  street,  but  from  moisture, 
heat  and  cold,  the  gum  wood  blocks  having  shmnk  and  swelled  to  such 
an  extent  as  to  destroy  the  integrity  of  the  pavement. 

Much  stress  has  been  laid  on  bad  foundations  as  being  the  prime  cause 
of  failure  in  our  wood  pavements,  but  there  have  been  exceptional  cases 
where  the  natm-al  gi-ade  was  of  such  an  even  character  that  the  pave- 
ment wore  out  giving  no  sign  of  a  deficient  foundation. 

In  1870,  Olive  street  from  Third  to  Fourth,  and  Third  street  from  Olive 
to  Locust,  were  reconstructed  with  Nicolson,  Olive  street  in  three 
sections,  the  west  third  of  the  block  being  paved  with  seasoned 
cottonwood,  Burnettized,  the  centre  third  with  rafted  white  pine  not 
treated,  and  the  east  third  of  the  block  with  cottonwood,  green  and  wet, 
from  the  Burnettizing  works. 

The  Third  street  block  was  the  same  as  the  east  end  of  Olive  street 
block.  These  two  blocks  lasted  seven  years,  wearing  out  very  evenly,  the 
untreated  pine  and  green,  wet  cottonwood  wearing  fully,  if  anything  bet- 
ter than  the  seasoned  cottonwood  laid  on  the  west  end  of  the  Olive  street 
block,  so  that  seven  years  was  the  life  of  the  pavement  fairly  worn  out, 
with  only  nominal  repairs  having  been  required.  The  tonnage  on 
Third  street  at  Olive,  in  1875,  was  180  tons  per  foot  of  cross-section 
grade,  1.50  per  cent,  on  Third  street,  and  1.00  per  cent,  on  Olive  street, 
with  a  cross-grade  of  0.04  to  the  foot  of  cross-section. 

In  1870,  a  block  of  pavement  was  put  down  under  the  Stowe  patent  at 
the  cost  of  the  parties  in  interest,  in  full  belief  of  success.  White  pine 
blocks  and  wedges  were  used  without  any  preserving  process  on  a  care- 
fully j)repared  sand  foundation,  flushed  with  water.  The  blocks  were  3 
inches  thick  and  6  inches  high,  with  wedges  1  inch  thick  driven  down 
between  the  rows  of  blocks  until  a  channel  three  inches  deep  was  left, 
which  was  filled  with  dry  gravel  rammed  down  and  then  poured  with  a 
hot  composition  of  coal  tar  bitumen.  This  style  of  pavement  was  the 
child  of  many  prayers,  but  after  a  brief  life  of  5  years  dropped  into  an 
untimely  grave,  being  taken  with  rot  at  the  bottom  of  the  block,  and 
thus  the  theory  of  capillary  action  through  the  wood  cells,  giving  a  more 
uniform  moisture  and  temperature  i-elied  on  in  this  style  of  pavement  to 
overcome  decay,  undue  shrinkage  and  expansion,  by  thus  placing  tlie 
blocks  directly  on  the  sand  foundation  failed— the  cure  proving  worse 
than  the  disease. 

In  1884,  Chestnut  street  was  reconstructod  from  JefiEerson  avenue  to 
Grand  avenue  with  gum  wood,  on  a  base  of  hydraulic  cement  concrete 
6  inches  deep,  laid  on  a  steam  rolled  sub-grade.  The  base  was,  when  finished 
to  the  grade,  covered  with  a  thin  coat  of  number  six  coal  tar  i^itch,  upon 
which  the  blocks,  3  inches  thick  and   6   inches   high,  were  placed  at  an 


STREET  PAVEMENTS  IN  ST.  LOUIS.  25i9 

angle  of  45  degrees  with  the  centre  line  of  the  street,  the  rows  being  sep- 
arated by  a  strip  one-halt  inch  thick,  and  one  and  a  half  inches  wide,  the 
chaonels  poured  with  hot  composition  flush  with  the  tops  of  the  strii)s, 
and  then  tilled  with  hot  dry  gravel  rammed  down  and  the  channels 
again  poured  to  fill  the  voids  in  the  gravel.  The  blocks  and  strips  are 
sweet  gum.  The  lumba-  was  subjected  to  a  rigid  insiection  and  ull  sap 
rejected;  in  fact,  every  precaution  was  taken  in  preparing  the  lumber  for 
the  treatment,  which  was  with  chloride  of  zmc.  the  impregnation  such 
tliat  any  part  of  wood  taken  from  a  paving  block  wlieu  perfect!}'  dry 
shall  contain  one  part  by  weight  of  concentrated  chloride  of  zinc,  to  400 
parts,  by  weight,  of  diy  wood.  On  examination  of  this  pavement,  Feb- 
ruary 10th,  1885,  the  thermometer  having  marked  5  degrees  below  zero 
the  previous  night,  it  was  iound  to  be  much  opened  at  irregular  distances, 
the  cracks  being  from  a  well-marked  line  to  one  inch,  and  showing  an 
aggregate  shrinkage,  from  cold,  of  as  much  as  2  feet  in  a  distance  of  500 
feet,  equal  .04  per  cent.  It  remains  to  be  seen,  at  a  future  time,  what  tlie 
effect  of  expansion  will  be,  three  per  cent,  having  been  as  far  as  possible 
provided  for. 

Samples  of  Bois  d'Arc  put  down,  cobble  badly,  and  in  wet  and  freez- 
ing weather  becomes  dangerously  slippery  ;  cypress  has  shown  no  better 
record  than  four  to  seven  years,  the  last  three  years  a  close  struggle  be- 
tween life  and  death  from  decay. 

All  our  wood  pavements  have  exhibited  one  common  defect,  namely, 
their  elasticity,  which,  were  it  only  on  the  lines  of  the  wood  fibre,  would 
do  no  harm,  there  being  ample  room  in  an  upward  direction,  but  this 
quality  of  shrinking  from  the  cold  or  heat  and  expanding  from 
moisture  at  right  angles  with  the  grain  of  the  wood  is  a  constant  ele- 
ment of  destruction,  there  being  in  theory  and  in  fact  no  time  in  the  life 
of  a  wood  pavement  when  it  can  be  called  static,  save  at  the  moment  it 
ceases  to  slirink  and  commences  to  expand.  When  this  prime  defect  and 
all  other  defects  have  been  overcome,  the  power  of  endurance,  or 
ability  to  resist  wear  by  the  best  known  woods  hitherto  employed  for  the 
purpose,  treated  and  otherwise,  may  be  considered  from  4  to  7  years 
with  careful  repair  and  cleaning,  an  important  factor  in  street  mainten- 
ance, with  a  traffic  of  100  tons  per  foot  of  cross-section;  this  has  been 
found  the  limit  in  St.  Louis.  The  limit  might  be  extended,  in  the 
absence  of  decay,  by  placing  the  blocks  in  juxtaposition,  and  the  shrink- 
age was  at  the  same  time  overcome,  and  the  tendency  to  become  loose 
from  extreme  cold,  prolonged  heat  or  dryness,  and  in  damp  or  wet 
weather  to  expand,  blister  and  bulge  up  from  the  foundation,  by  plac- 
ing the  blocks  close;  the  wearing  surface  would  be  increased  to  the 
extent  that  the  old  system  of  strips  and  chanels  -was  eliminated,  but  the 
expanding  force  would  at  the  same  time  be  correspondingly  increased, 
the  last  defect  being  the  worst  of  the  two  radic^il  defects  common  to 
wood  pavements — defects  the  remedy  for  which  must  be  sought  for  in 
the  treatment  of  the  material  before  laid  and  in  maintenance  after  being 
laid,  by  some  yet  unknown  process  that  will  protect  the  work  from  wet, 
excessive  heat,  dryness  or  low  temperature. 

ASPHALT   PAVEMENTS. 

In  1873  the  first  sample  of  asphalt  block  pavement   was  put  down  on  a 
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sand  foundation  on  Main  street,  between  Walnut  and  Market  streets,  in 
front  of  the  Merchants'  Exchange.  At  that  time,  the  life  of  the  pavemen 
was  estimated  at  at  least  12  years  by  theparties  who  put  it  down.  After  a 
brief  career  of  nine  months  it  broke  up  and  was  replaced  with  Nicolson. 
The  traffic  on  Main  street  in  1875  was  132  tons  per  foot  of  wheelway.  In 
1880,  a  block  of  asphalt  block  pavement  was  put  down  on  Pine  street, 
between  Third  and  Fourth  streets.  After  two  years  it  was  worn  out  and  re- 
constructed with  granite.  The  grade  on  this  block  is  one  per  cent.,  with  a 
cross-grade  of  0.02  per  foot  of  cross-section;  traffic  estimated  at  100  tons 
per  foot  of  wheelway.  The  foundation  was  bituminous  concrete  6  inches 
deep  and  flrst-class  in  every  particular.  Again,  in  1882,  the  same  pave- 
ment, except  as  to  the  foundation,  which  was  six  inches  of  river  sand, 
was  laid  on  Locust  street,  between  Leffingwell  and  Ewing  avenues. 
The  centre  of  the  roadway  gave  <  ut  to  such  an  extent  that  extensive 
repairs  were  found  necessary  in  1883.  This  street  is  in  a  residence  neigh- 
borhood and  traffic  only  nominal. 

In  1883,  the  first  sheet  asphalt,  the  "  American,"  "  Grahamite,"  "  Trini- 
dad," was  laid  in  St.  Louis  ;  two  and  a  half  miles  of  thirty-six  foot  car- 
riage-way on  Pine  street,  from  Nineteenth  street  to  Grand  avenue,  and 
on  Locust  street,  from  Seventeenth  street  to  Compton  avenue,  laid  on  a 
base  of  hydraulic  concrete  six  inches  in  depth.  Upon  this  foundation  there 
was  spread  what  is  denominated  the  cushion  coat,  half  an  inch  in  thick- 
ness, slightly  richer  in  asphalt  than  the  wearing  surface,  which  is  two 
inches  in  thickness  and  composed  of  sand  and  Trinidad  asphalt,  the  gen- 
eral proportion  being  asphalt  12  to  15  parts,  sand  83  to  70  parts,  and 
pulverized  carbonate  of  lime  5  to  15  parts.  The  work  is  to  be  maintained 
for  a  period  of  ten  years,  at  a  cost  of  one  dollar  per  square  of  1 00  feet 
superficial.  The  grades  on  this  worK  vary  from  0.80  to  2.50  per  cent.; 
the  cross-grade  is  0.025  per  foot  of  cross-section.  In  January  of  1885  the 
traffic  on  Pine  street  averaged  2,200  vehicles  in  eleven  hours,  from  7  a.  m. 
to  6  p.  M.,  equal  to  70  tons  per  foot  of  wheelway.  Light  repairs 
at  a  few  points  on  Pine  street  were  made  in  the  spring  of  1884.  The 
cause  of  the  defects  is  attributed  to  error  in  preparing  the  composition 
used  at  the  points  effected.  The  repairs  were  easily  and  quickly  made. 
The  work  as  a  whole  presents  a  fair  surface  after  nearly  two  winters  and 
one  summer,  under  a  temperature  in  1883  of  19  and  in  1885  of  5  degrees 
below  to  100  above  zero.  Judging  from  the  pi-esent  condition  of  this 
work,  there  is  reason  to  believe  the  pavement  will  prove  satisfactory  for 
traffic  and  well  suited  for  sanitary  reasons,  if  no  other,  to  residence  dis- 
tricts, being  a  non-absorbent. 

STONE   PAVEMENTS. 

Porphyry  block  pavements  were  first  introduced  in  St.  Louis  in  1869, 
and  laid  on  Broadway  at  Howard  street  and  Mound.  The  work  cost  $40 
per  square  of  100  feet  superficial.  The  traffic  at  this  point  in  1878  was  71 
tons  per  foot  of  wheelway  :  the  repairs  have  been  but  nominal,  not  to 
exceed  10  cents  per  square  per  year,  or  a  total  cost  in  16  years  of  $41.60 
per  square,  or  $2.60  per  square  per  annum.  From  the  present  appear- 
ance of  the  stones,  they  are  good,  with  proper  repairs,  for  20  years  more. 
The  stone  blocks  in  this  work  are  irregular  in  dressing,  from  4  to  6  inches 
thick,  6  to  10  inches  long  and  6  to  10  inches  deep,  set  on  6  inches  of  i-iver 
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sand,  with  a  grade  of  1.50  per  cent,  and  a  cross  grade  of  .04  per  foot  of 
cross  section. 

Granite  was  introduced  in  1873.  Although  the  granite  field  of  South- 
east Missouri  had  been  within  reach  since  1868  by  rail,  it  was  not  until 
1873  that  any  work  of  importance  was  undertaken,  when  Thiixl  street, 
from  Biddle  street  to  O'Fallon,  was  put  down.  In  1874,  Third  street, 
from  Vine  street  to  Morgan  street,  and  Washington  avenue,  from  Thii-d 
street  to  Fifth  street,  was  pived  with  granite  from  the  ''Knob  Lick" 
quaiTies.  This  work  is  set  on  a  18-inch  bed  of  clean  river  sand,  the 
stone  4  to  6  inches  thick,  6  to  13  inches  long  and  8  to  10  inches  deep,  set 
with  a  sand  fed  joint  and  rammed  witli  a  90-pound  rammer,  the  joints 
swept  in.  then  flushed  with  water  and  rammed  to  a  finished  sui'fMce. 

In  1879.  the  time  had  fully  arrived  when  wood  pavements  no  longer 
met  the  demands  of  the  accumulating  traffic  of  the  city.  The  work  done 
in  1873  and  1874  gave  a  key  to  the  proper  course  to  be  pursued.  In  1879, 
the  work  of  reconstruction  was  commenced  and  pushed  with  unabated 
vigor,  until  at  the  close  of  the  year  1884  2,166  squares  have  been  laid, 
equal  to  13.75  miles,  the  paving  blocks  since  1879  being  dressed  so  as  to 
approximate  closely  a  rectangular  form,  three  to  four  and  a  half  inchea 
wide,  eight  to  twelve  inches  long  and  six  to  eight  inches  deep,  the  depth 
of  foundation  being  governed  by  the  character  of  the  sub-grade. 

The  work  on  Third  street,  from  Vine  to  Morgan  street,  has  now  been 
down  ten  years.  This  street  takes  the  traffic  of  the  St.  Louis  bridge,  in 
addition  to  the  through  traffic  of  the  street  itself.  The  bridge  traffic  for 
1884  was  428,758  1,  2,  3  and  4  horse  vehicles  of  mixed  character,  and 
61,697  I,  2,  3  and  4  horse  coal  wagons,  being  equal  to  a  grand  total  of 
490,455  vehicles,  requiring  to  move  them  1,056,278  horses,  the  traffic 
equaling  833,385  tons  per  annum,  dis  tributed  on  Third  street  from  the 
bridge  over  the  granite  pavement  before  mixing  with  the  Third  street 
traffic  proper.  The  traffic  from  the  bridge  equals  70  tons  per  foot  of 
wheel  way  in  24  hours,  to  which  add  the  Third  street  traffic  proper  and 
we  have  270  gross  tons  per  day  per  foot  of  cross-section.  The  gi-anite  jjave- 
ment  on  Third  street,  at  the  bridge,  as  described,  put  down  in  1874,  on  ex- 
amination in  1885  was  found  to  be  in  good  condition,  with  but  nominal 
repairs,  although  much  disturbed  by  changing  car  tracks  and  other 
street  openings,  but  may  yet  be  relied  on  to  double  its  record.  This 
work  has  cost  per  square  per  year  to  date,  including  grading,  five  dollars 
per  square.  V/ood  at  the  same  point  would  have  cost  fifty-four  dollars  per 
square,  and  been  worn  out,  while  the  present  pavement  promises  ten 
years  of  continued  use. 

St.  Louis  has  tried  many  experiments  in  street  construction  since  1818, 
a  period  of  67  years,  commencing  with  limestone  blocks,  then  limestone 
macadam  straight. 

In  1851  and  1852,  plank  wheelways  were  tried,  but  failed  to  give  satis- 
faction. 

Limestone  macadam,  topped  with  gravel  and  I'olled. 

Limestone  macadam,  topped  with  sand  and  rolled. 

Limestone  naacadam,  topped  with  earth  and  rolled. 

Limestone  macadam,  topped  with  Paducah  gravel  and  rolled. 

Limestone  macadam,  pitched  with  coal-tar-bitumen  and  rolled. 


23S  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Porphyry  macadam  top-dressed  and  undressed. 

Granite  macadam  straight  and  pitched  with  coal-tar-bitumen  and 
rolled,  so  that  the  changes  on  macadam  may  be  said  to  have  been  fully 
rung  in  St.  Louis;  but  it  is  our  geological  neighbor  and  friend,  as  is  the 
great  river,  and  we  can  never  be  divorced. 

In  1855,  cobblestone  was  tried,  but  failed  to  give  satisfaction. 

In  1860,  oak  blocks  on  boards  were  introduced,  and  from  1863  to  1884, 
Cottonwood  plain,  cottonwood  burnettized,  pine  plain,  pine  burnettized, 
■elm  and  sweet  gum-treated  flooring  being  used  in  every  case  except  that 
of  the  Stowe  patent,  where  the  foundation  was  sand.  In  1860,  a  number 
■of  blocks  were  put  down  with  what  was  known  as  cellular  iron  pave- 
ment, which  gave  place  to  wood  after  eight  years,  being  practically 
worn  out  and  diiHcult  to  repair,  besides  being  exceeding  slijJjjery,  and  on 
high  grades,  when  worn,  very  dangerous.  In  1868,  the  Fisk  concrete 
claimed  attention,  and  in  1869  it  had  succumbed  to  traffic  after  a  9  months' 
trial.  Asphalt  block  has  been  tested  and  makes  a  handsome  and  desir- 
able street,  full  of  all  the  qualities  that  go  to  make  a  good  wheelway  ex- 
cept ability  to  stand  the  punishment  of  traffic. 

Sheet  asphalt  was  introduced  in  1883.  and  gum  wood  in  1884  on  a  con- 
crete base.  Telford  pavement  has  from  an  early  date  claimed  deserved 
attention  for  outside  streets,  and  top-dressed  with  gravel  and  rolled, 
make-f  a  good  road  under  a  moderate  traffic. 

Select  limestone  blocks  for  alley  work  give  fair  service,  except  on 
allevs  used  for  commercial  purposes,  where  the  use  of  granite  would  be 
economy.  Of  wood  it  may  be  said  that  while  affording  a  pleasant  and 
comparatively  quiet  street  under  traffic,  with  easy  traction,  it  is  unfit  for 
business  streets,  being  too  short-lived  and  costly  to  maintain  ;  still,  it 
should  be  prefered  to  a  macadam  surface,  where  the  macadam  costs  the 
same  or  even  less  to  maintain,  being  cleaner,  but  it  would  be  better 
economy  to  put  down  stone  at  once. 

For  residence  streets  or  avenues  the  sheet  asphalt  takes  a  position  that 
in  view  of  its  sanitary  value,  ease  of  repair,  cleaning  and  pleasant  wheel 
surface,  cannot  be  overlooked  as  among  the  valuable  road  coverings  of 
the  day. 
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By  Thos.  J.  Caldwell  and  Thos.  D.  Miller,  Members  Engineers'  Club  op 

St.  Louis. 
[Read  Blarch  4,  1885.] 


The  qualities  of  a  perfect  street  pavement  are  about  as  follows:  1. 
Cheapness  (of  first  cost);  2.  Durability:  3.  Firmness  of  foot-hold  to  horses; 
4.  Smoothness;  5.  Noiselessness:  6.  Elasticity;  7.  Cleanliness;  8.  Imper- 
viousness  to  water;  9.  Agreeableness  of  color. 

"A  pavement  of  wooden  blocks  possesses  every  quality  of  the  perfect 
pavement,  with  two  exceptions:  It  absorbs  moisture  to  a  considerable 
degree,  and  after  a  few  years  deteriorates  very  rapidly  from  decay. 
During  this  process  of  decay  it  oflfers  less  and  less  resistance  to  the  wear 
of  traffic,  and  finally  reaches  a  condition  in  which  it  is  unfit  for  travel, 
and  dangerous  to  the  public  health. 
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•■  If  this  decay  can  be  prevented  the  objection  from  moisture  woulil  not 
be  serious  and  ilie  wooden  pavement  wouLl  bo  preferable  to  almost  any 
other  pavement,  and  for  almost  everj-  kind  of  traffic.'"* 

The  problem  of  preventing  rot  in  wood  gave  rise  to  what  is  now  known 
as 

WOOD     PRESERVING. 

On  account  of  the  abundance  of  wood,  it  has  always  occupied  a  promi- 
nent position  in  all  works  pertaining  to  Engineering.  This  was  particu- 
larh'  so  in  earlier  times,  and  at  the  present  it  cuts  a  very  prominent  figure 
in  every  structuie.  The  comparative  ease  and  facility  witli  which  wood 
is  handled,  not  to  mention  the  many  special  advantages  which  it  possesses 
over  other  materials  in  particular  cases,  and  especially  the  advantage  of 
first  cost,  have  conduced  to  make  its  use  even  more  extensive.  The  one 
great  drawback  has  always  been  its  short  period  of  service,  necessitating 
frequent  renew-als  and  repairs,  and  consequently  increasing  its  ultimate 
cost.  Wood  is  now  used  to  such  extent,  that  fears  are  entertained  of 
the  near  approach  of  the  time  when  the  supply  will  be  entirely  inadequate 
to  the  demand.  Th'^fact  has  long  since  been  recognizad  that  in  subject- 
ing wood  to  some  treatment  previous  to  construction,  its  life  may  I  e  con- 
siderably lengthened,  and  thus  the  ultimate  cost  reduced,  so  tiiat  in  a 
particular  case  it  is  a  matter  of  earnest  consideration  whether  or  not  it 
possesses  superior  merits  justifying  its  employment  in  pieference  to 
other  materials.  The  result  is  that  the  business  of  wood-pres>  rving  has 
become  a  prominent  one,  but  unUke  many  other  industries,  the  progress 
of  it  has  been  ve'y  slow,  principally  from  the  reason  that  long  time  is 
necessary  to  prove  the  measure  of  its  utility. 

The  favorable  conditions  for  putrefaction  are  the  pr-^sence  of  moisture 
and  heat ;  these  exist  in  a  pavement  the  greater  part  of  the  time. 

It  has  been  proven  by  Pasteur,  Tyndall  and  others,  that  "•  no  putrefac- 
tion can  occur  in  a  nitroeenous  substance  if  its  bacteua  be  destroyed 
and  new  ones  prevented  from  entering  it.  Putrefaction  begins  as  soon 
as  bacteria,  even  in  the  smallest  numbers,  are  admitted,  either  accident- 
ally or  purposely.  It  progresses  in  direct  proportion  to  the  multiplica- 
tion of  the  bacteria,  it  is  retarded  when  they  exhibit  I'nv  vitality,  and  is 
stopped  by  all  influences  which  either  hinder  their  development  or  kill 
tbem.  All  bactericidal  media  are  therefore  ar.tiseptic  and  disinfect- 
ing."! 

If  some  process  be  found  by  which,  first,  the  bactn-ia  existmg  in  the 
wood  are  killed  ;  second,  an  antiseptic  is  introduced  that  will  kill  or  pre- 
vent the  development  of  auch  as  may  subsequently  be  deposited  ;  and, 
third,  the  presence  of  the  antiseptic  is  rendered  permanent,  we  will  have 
a  perfect  preventive  of  wood  rot. 

Tyndall  says  that  some  bacteria  are  killed  by  a  momentary  exposure  to 
the  temperature  of  boihng  water,  while  others  withstand  it  for  several 
hours.  If  the  wood  be  subjected  to  three  or  four  hours'  steaming  at  from 
240  to 250'  F.,  it  will  be  safe  to  assume  chat  all  bact^ia  have  been  exter- 
minated. This,  however,  is  not  the  only  benefit  derived  from  steaming 
the  wood.     The  poi'es  are  opened  by  the  expansion  due  to  the  heat,  and 

*  Report  of   Board  of  Public  Improvempnts  for  the  fiscal  year  ending  April  8, 1878, 
p.  202 
t  Prof   Cohn,  of  Bre«!au. 
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the  steam,  condeusing.  washes  out  the  sap  to  a  greater  or  less  extent,  and 
coagulates  largely  wl'at  albumen  remains. 

Many  antiseptics  have  been  used  and  numerous  experiments  made  to 
determine  their  efficiencv .  M.  Jalan  de  la  Croix  experimented  on  the 
relative  power  of  various  antiseptics  in  preventing  the  development  of 
bacteria  of  putrefaction.  Finely  divided  boiled  or  raw  meat  was  placed 
in  water  ;  one  gramme  of  the  antiseptic  was  used  in  all  cases,  and  the 
figures  in  the  table  below  give  the  number  of  grammes  of  the  decoction  in 
which  the  one  gramme  gave  the  indicated  result  : 

TABLE  OF  THE   REL\TIVE  P  iWER  OF  VAhlOUS  ANTISEPTICS. 
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30. 
50. 

Iodine 20.020 

Bromine 20,87.-. 

Chlorine  r!4,509 

401. 

Benzoic  Acid ...   

493. 

431. 

Several  of  the  above  have  been  used  for  the  preservation  of  wood.  In 
this  connection  should  be  mentioned  compounds  of  zinc,  lead,  copper, 
iron,  aisenic.  lime  and  creosote  oil. 

The  actitm  of  the  aqueous  solution  of  the  metal  salts  is  to  coagulate  the 
albumen  of  the  sap,  besides  its  action  as  an  antiseptic.  The  action  of 
creosote  oil  is  the  same,  while  it  fills  the  pores  of  the  wood  with  a  bitumi- 
nous asplialtic  substance  which  gives  a  waterproof  coating  to  the  fiber, 
preventing  the  absorption  of  moisture. 

The  following  abstracts  give  a  brief  history  of  wood  preserving  : 

1737,  Mr.  Emerson  patented  a  process  which  consisted  in  saturating 
timber  with  boiled  oil  mixed  with  poisonous  substances.  This  is  believed 
to  be  the  firsr  patent  on  a  process  for  preserving  wood. 

1740.  Mr.  Reid  proposed  to  arrest  decay  of  wood  by  means  of  a  cei'tain 
vegetable  acid. 

1756.  Dr.  Hales  recommended  that  the  planks  at  the  water-line  of  sliips 
should  be  soaked  in  linseed  oil. 

n58.  Du  Hamelanl  Buffon  expr-rimented  on  a  process  for  preserving 
wood,  but  with  no  satisfactory  results. 

1769,  Mr,  Jackson  proposed  the  useof  snlt  water,  lime  and  potash  salts, 

1773,  From  1768  to  this  date  the  practice  of  saturating  ship  timbers 
with  a  solution  of  common  salt  prevailed. 

1779  Mr.  Pallas,  in  Russia,  proposed  to  steep  wood  in  a  solution  of  sul- 
phate of  iron  and  then  in  a  solution  of  lime  to  preoipita'e  the  vitriol. 

1784.  M,  Megueron  worked  on  a  process  for  preventing  decay. 

1796.  Hales  proposed  t')  creosote  the  treenails  of  ships.  This  was  42 
years  prior  to  Bethell's  patent  for  creosoting. 

1805,  Mr,  Maconochie  proposed  to  saturate  inferior  woods  with  resin- 
ous and  oily  matters. 
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1811.  Cadet  de  Gassicourc  tried  mineial  substances  and  unguents. 

1813.  M.  Chaiupy  suggested  a  bath  of  hot  tallow. 

1815.  Mr.  Wade  proposed  a  cau^tic  alkali  solution  of  common  resin. 
Soaked  the  timber  in  the  solution,  and  afterward  plunged  it  into  acidu- 
lated water.  He  also  recommended  solutions  of  sulphates  of  copper, 
zinc  and  iron.  Mr.  Bo j' den  boiled  the  timber  in  lime  water  and  then  in 
a  thin  solution  of  glue. 

1817.  Mr.  Chapman  recommended  sulphate  of  copper  and  bichloride 
of  mercury. 

1823.  Mr.  Oxford  patented  a  process  which  consisted  in  saturat  ing  oil 
of  tar  with  chlorine  gas  and  mixing  with  it  finely  ground  carbon  of  puri- 
fied coal  tar,  oxide  of  lead  and  carbonate  of  calcium,  and  applying  the 
composition  in  thick  coatings. 

1832.  Mr  Kyan  patented  his  process  of  treating  with  bichloride  of 
mercurj-  which  has  met  with  considerable  success.  Closed  vessels  and 
high  pressure  were  first  used  in  charging  the  timber  in  this  process. 

It  was  proposed  in  America  to  apply  pyroligneous  acid  to  the  surface 
of  wood  or  to  introduce  it  by  fumigation. 

1835.  Franz  Moll,  a  German,  proposed  the  use  of  creosote  in  a  state  of 
vapor,  but  it  was  attended  with  great  expense. 

1837.  Boucherie's  process  of  impregnating  with  copper  sulphate  was 
very  successful  and  was  extensively  used. 

Mr.  Flockton  used  wood  tar  and  acetate  of  iron.  This  is  thought  to 
have  been  a  failure. 

1838.  From  1831  to  1838  Breant  operated  in  France  with  a  mixture  of 
linseed  oil  and  resin.  In  1838  he  patented  the  method  of  imj)regDating 
by  atmospheric  i^ressure. 

Mr.  Bethell  patented  his  process  of  creosoting.  It  was  suggested  to  him 
by  his  ob-ervations  on  mummies.  The  process  found  great  favor,  and 
was  extensively  used  in  England,  Scotland,  Ireland.  Belgium,  Holland, 
France,  Prussia,  India  and  America. 

1840.  Betvxeen  1838  and  1840,  Sir  William  Burnett  introduced  his 
process  of  treating  with  zinc  chloride,  impregnating  under  pressure  as 
high  as  150  lbs.  per  square  inch. 

1846.  The  Bumettizing  process  was  carried  from  England  to  Bremen, 
and  by  1851  liad  spread  over  Germany  and  Austria. 

As  the  above  chronology  shows,  a  great  number  of  methods  have  been 
used  ;  but  few,  however,  have  proven  successful.  At  least  three,  when 
well  executed,  can  be  relied  upon  to  prolong  the  life  of  wood.  These  are, 
essentially.  Kyanizing,  Creosoting  and  Burnettizing,  and  are  too  well 
known  to  warrant  a  minute  account  of  them  here.* 

Kyanizing. 
Mr.  J.  B.  Francis  sajs:  "I  have  specimens  of  Cottonwood,  kyanized 
nearly  twenty  years  ago,  which  have  been  in  the  ground  ever  since,  and 
are  still  sound,  the  wood  retaining  its  strength  and  color,  while  other 
specimens,  not  treated,  and  under  the  same  exposure,  have  so  completely 
decayed  as  to  become  t  othing  but  black  mould. "f 

*  See  Trans.  Amer.  Soc  of  Civ  Engrs.,  1882  ;  Proceedings  of  Engrs.'  Club  of  Phila 
delphia.  Vol.  1.  1880  ;  Proc.  Inst.  Civ.  Engrs  .  Vol.  78. 
t  Trans.  Amer.  t^oc.  C.  E.,  lhS2. 
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And  as  will  be  seen,  from  the  table  of  experiments  by  M.  de  la  Croix^ 
bichloride  of  mercury  possesses  more  than  five  times  the  antiseptic 
powers  of  any  of  the  other  substances  determined.  However,  this  proc- 
ess seems  to  have  fallen  into  disuse,  and,  su  far  as  we  can  learn,  has  never 
been  used  m  paving  blocks  to  any  extent. 

Creosoting 
cons)-ts  in  impregnating  the  wood  with  dead  oil  * 

"  Mumerous  instances  of  i^avements  laid  with  blocks  preserved  by  this 
process  may  be  found  in  oui'  cities,  which  have  remained  sound  for  many 
years,  but  there  are  also  instances  where  timber  impregnated  with  creosote 
has  failed  to  give  satisfaction.  The  fault  in  such  cas^ s  may  be  assumed  to 
be  either  in  incomplete  impregnation  or  in  the  poor  quality  of  the  material 
used.  Full  impregnat'on  can  easily  be  secured  by  thorough  supervision 
and  inspection  of  the  work,  but  it  is  very  difficult  to  secure  the  proper 
material,  not  only  for  the  reason  that  the  original  chemical  constituents 
of  the  tars,  from  which  the  heavy  oil  of  tar  (generally  called  creosote,  is 
gained  by  distil'atidn,  differ  very  much,  but  because  the  final  product  for 
preserving  purposes  dep^-nds  greatly  on  the  extent  to  which  distillation 
has  been  carried.  If  the  proper  proportion  of  ingredients  in  a  good 
creosote  could  be  stated  with  exactness,  and  if  chemical  analysis  could 
readily  determine  the  quantity  of  the  various  ingredients  present  in  a 
creosoting  fluid  proposed  to  be  used,  complete  success  of  the  process 
couM  be  assured  in  all  cases.  But  as  neither  of  these  conditions  can  be 
readily  filled,  certainty  of  success  cannot  be  warranted,  as  it  can  in  the 
case  of  iiiipregnation  with  metal  salts,  except  under  a  system  of  the  most 
rigid  and  expensive  supervision."! 

Burnettizina 
consists  in  injeciing  into  the  timber  a  solution  of    chloride   of  zinc 
(Zn  Clo). 

Mr.  J.  W.  Hobart.  in  a  letter  written  April,  1882,  to  Mr.  O,  Chanute, 
says  "an  old  side  track  was  rem<ived  which  had  not  been  in  use  for 
several  years,  and  which  was  nearly  covered  with  earth  and  grass,  still 
the  hemlock  ties  were  then  found  nearly  sound,  having  laid  there  for 
nearly  25  years.  *  *  *  There  is  no  doubt  that  the  preservation  of 
these  ties  was  due  to  this  process."! 

There  is  abundant  evidence  of  the  efficiency  of  chloride  of  zinc  as  a 
preservative.  It  has  passed  from  the  field  of  experiment  and  become  an 
establislied  fact. 

In  earlier  times  the  manner  of  impregnating  the  wood  was  by  soaking^ 
but  this  was  not  found  to  be  effective  within  a  short  period.  Therefore^ 
closed  tanks  and  pi'essure  were  introduced,  which  is  the  ]H-actice  to-day. 

The  metiiods  employed  for  incorporating  the  antiseptic  may  be  divided 
into  two  class<?s,  viz.:  the  d  rr'ct  and  the  indirect.  In  the  direct  method 
the  wood  is  subjected  to  the  action  of  a  single  solution,  which  may  be 
either  simple  or  compound.  In  the  indirect  method  the  wood  is  sub- 
jected to  the  action  of  two  solutions,  one  following  the  other,  both  or 
either  of  which  may  be  simple  or  compound.  By  the  direct  method  the 
antiseptic   is   introduced   bodily  into  the  wood  in  the  solution.     By  the 

*  see  Proceedings  of  Engine'^rs"  Club  of  Philadelijhis,  Vol.  1. 

t  Report  of  Board  of  Public  Improvements  for  fiscal  year  ending  April  11,  1881. 

t  Trans.  Amer.  Soc.  Civ   Engrs.,  188'2. 
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indirect  method  the  antiseptic  may  or  may  not  be  introduced  at  once  in 
the  first  solution,  and  the  second  solution  may  be  for  a  single  or  a  double 
purpose  ;  for  a  single  purpose  when  the  idea  is  to  effect  such  a  transforma- 
tion as  will  tend  to  fasten  the  antiseptic  which  has  already  been  intro- 
duced :  for  a  double  purpose  when  the  idea  is  to  effect  such  transforma- 
tion as  will  not  only  tend  to  fasten  the  antiseptic,  but  also  simultaneously 
the  an'iseptic  itself  is  the  outcome  of  the  transformation.  As  illustration 
of  the  direct  method,  take  the  simple  Burnettizing  process.  As  illustra- 
tion of  the  indirect  method,  take  the  zinc-thilmany  process,  where  the 
first  solution  is  the  sulphate  of  zinc  (Zn  SO4),  and  the  second  solution 
chloride  of  barium  (Ba  CL).  The  introduciion  of  the  latter  solution  is 
based  on  the  idea  that  such  transformations  are  effected  as  will  not  only 
form  the  antiseptic  zinc  chloride,  but  also  that  the  antiseptic  may  be 
preserved  intact  by  the  fixing  action  of  the  barium  sulphate  (Ba  SO4), 
which  is  one  of  the  results  of  the  transformation. 

In  this  city  there  are  two  Wood-Preserving  Companies  :  The  St.  Louis 
Wood-Pi-eserving  Company,  and  The  American  Wood-Pre-erving  Com- 
pany. The  former  company  use  the  zinc-tannin  process,  and  the  latter 
company  use  the  zinc-gypsum  process  and  creosoting  process. 

In  the  year  1880,  the  St.  Louis  Wood  Preserving  Company  erected 
addition  il  appliances  at  their  works,  and  were  engaged  by  the  city  to 
treat  material  for  street  pavements  by  the  zinc-thilmany  process.  The 
following  were  the  specifications  in  the  contract,  viz. : 

1.  Steam  the  blocks  3  hours  at  from  15  to  18  lbs.  pressure  (not  to  exceed 
240=). 

2.  Apply  vacuum  20  minutes  at  5  lbs.  pressure. 

3.  Apply  Zn  SO4  solution  2  hours  at  80  lbs.  pressure  (1st  inj  ection). 

4.  Apply  vacuum  5  minutes  at  ^  lb. 

5.  Apply  Ba  Clg  solution  2^  hours  at  80  lbs.  (2(1  injection). 

6.  One  half  of  one  per  cent,  of  Zn  CI3  to  remain  in  every  part  of  the 
blocks.  On  the  assumption  that  the  average  weight  per  cubic  foot  of  gum 
wood  was  40  lbs.,  and  that  it  absorbed  30  per  cent,  of  its  volume  of  the  first 
solution,  and  on  the  supposition  that  the  two  solutions  exactly  neutralize 
each  other  bulk  for  bulk,  each  occupying  one-half  of  the  absorption,  it  was 
found  that  to  realize  this  one-half  of  one  per  cent,  of  Zn  Clg.  the  Zn  SO4 
solution  sliould  be  3^  per  cent,  strength  and  the  Ba  Clg  solution  should  be 
3.2  per  cent,  strength.  In  the  operation  of  the  process  it  was  observed 
after  steaming  the  wood  that  J  of  the  first  solution  penetrated  the  wood 
immediately  upon  being  let  into  the  cylinder,  and  the  remaining  f  re- 
quired the  hydrostatic  pressure.  It  was  also  noted  that  only  ^  as  much 
of  the  second  solution  as  of  the  first  could  be  forced  into  the  wood,  or,  in 
other  words,  the  wood  was  surcharged  with  the  first  solution  and  the 
transformations  consequently  effected  were  far  short  of  the  requirements. 
The  average  results  obtained  by  this  treatment  in  five  gum  blocks  weie  as 
follows: 

Average  |-inch  from  end  of  block  —  .21  per  cent.  Zn  Clg. 

«        -.     «i  <<  .<      —.04        " 

Centre  "      —  .30        •'  Zn  SO4. 

On  one  occasion  the  second  solution  remained  30  hours  in  contact  with 
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the  wood  under  a  set  pressure,  and  the  results  obtained  showed  a  large 
increase,  viz.: 

Average  i  inch  from  end  of  block  —  .89  per  cent.  Zn  Clj. 
Centre  of  block  —  .48  per  cent.  Zn  SO4. 

After  these  blocks  dried  out  the  precipitated  barium  sulphate  was 
found  to  vary  on  the  opi^osite  ends  of  the  same  block,  and  that  there  was 
a  wide  difference  in  the  quantity  tiie  t-everal  blocks  received,  although 
apparently  under  the  same  conditions. 

On  opening  the  C3'linder  the  blocks  were  found  to  be  heavily  coated 
with  barium  sulphate,  and  it  is  more  than  probable  that  the  instantaneous 
transformation  to  the  precipitate  barium  sulphate  on  the  fibre  ends  of  the 
blocks  so  filled  up  the  pores  that  a  slio:ht  reaction  was  all  that  could  be 
effected  further  in  the  blocks.  li^ng  contact  with  the  second  solution 
gave  better  results,  but  in  operating  any  process  the  long  contact  neces- 
sarily adds  greatly  to  the  cost,  and  consequently  precludes  its  practical 
use.  Were  it  practicable  to  give  the  blocks  as  much  of  the  second  solu- 
tion as  of  the  first,  the  expected  results  would  be  realized. 

TJie  Zinc-Tannin 
process  consists  of  a  solution  of  Zn  CU  and  gelatine  for  the  first  solu- 
tion, and  the  second  a  solution  of  tannic  acid.  Chemically  considered, 
gelatine  is  precipitated  by  tannic  acid  and  forms  leather,  the  idea  being 
that  this  formation  of  leather  in  the  pores  of  the  wood  protects  the 
Zn  Clo,  the  presence  of  which  is  already  assured. 

The  following  analyses  were  made  of  blocks  treated  by  the  zinc-tannin 
process,  and  show  to  some  extent  how  successful  this  method  is  : 

Time  in 
Desci-iption.     No.        Pavement.      Part  of  Block  Analyzed.     Per  cent.  Zn  CI2. 

5  in.  gum  block. a 2  years Centre -rlro 

"     -fi^jj 

H  15 

^^        TTH5 

Ton 

Top ^?o 

Bottom f'oo 

Bet.  1  in.  and  y,  in.  from  bottom . .  ,%^ 

^  /i  •  -nnj 

i  .  -'  •  ■  Too 

These  blocks  were  steamed  for  3  or  4  hours  at  about  18  lbs.  pressure, 
and  the  zinc  chloride  solution  was  applied  for  3  or  4  hours  at  from  95  to 
100  lbs.  pressure,  and  then  the  tannin  solution  was  applied  for  2  or  3 
hours  at  from  95  to  100  lbs.  pressure. 

The  Zinc-Gypsum 
process  consists  of  a  single  solution  of  zinc  chloride  and  gypsum  (Ca 
SO4)  injected  into  the  wood.  Gypsum  is  soluble  in  a  .«olutiou  of  zinc 
chloride,  and  it  is  claimed  that  when  the  wood  becomes  dry  the  gypsum 
crystallizes  out  and  thus  protects  the  zinc  chloride  which  has  accom- 
panied it. 

It  is  impossible  to  state  how  effective  this  method  of  fixing  the  anti- 
septic in  the  wood  is,  because  no  work  done  by  this  process  has  been 
down  for  a  length  of  time  sufficient  to  determine  even  partially  as  to  the 
validity  of  the  claim,  the  only  true  guide  being  actual  service.  Experi- 
ments made  by  us  show  that  gypsum  is  readily  dissolved  by  a  zinc  chlo- 
ride solution,  which,  on  being  allowed  to  evaporate  to  dryness,  leaves  a 
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residue  of  zinc  chloride  and  crystals  of  gyiisum.  all  of  which  re-dissolves 
upon  thf  addition  of  watel".  We  are  therefore  inclined  to  the  opinion 
that,  as  the  double  soluton  can  not  deposit  more  gypsum  in  the  wood 
than  the  zinc  chlorid'-  solution  carries  theie,  the  introduction  of  water 
into  the  dry-tieated  wood  will  re-dissolve  the  zinc  chloride,  which  in  turn 
takes  up  tlie  gypsum  as  effectively,  i)erhaps  not  so  rai)idly,  as  it  would 
the  zinc  chloride  alone. 

During  the  process  of  steaming  wood  the  pressure  should  never  be 
allowed  to  r  se  above  15-18  lbs.  per  square  inch,  as  beyond  that  point  the 
temperatnre  is  such  as  to  become  injurious  to  the  wood.  The  following 
table  gives  the  corresponding  degrees  Fahrenheit  for  pounds  pressure 
steam  : 


:^ 

w 

C 

•^2 
p  b 

D"S 

-c 

ys 

■    tr  o 

g. 

'■  5 

w 

'   5* 

•      ".  tl 

p  ai 

(5" 

'-  !» 

p 

:  w 

:  fi  d 

B 

•    <c 

T. 

P. 

D.  P. 

.419 

T. 

P. 

D.P. 

.599 

212 

0  00 

.294 
.304 

235 

812 

.426 
.452 

260 

?0.80 

.6  7 
.642 

215 

.90 

.310 
.330 

240 

10.30 

.4.18 
.485 

265 

23.92 

.6.51 
.687 

220 

2.50 

.335 
.358 

245 

12.65 

.492 
.520 

270 

27.26 

.696 
.733 

22.S 

4.23 

.364 
.388 

250 

15.18 

.5^57 
.559 

275 

30.83 

.743 
.780 

230 

6.10 

.394 

255 

17.89 

.567 

280 

34.63 

790 

The  pressure  necessary  with  a  2  per  cent,  solution  to  impregnate  a  5  or  6- 
inch  gum  block,  leaving  y-^V  per  cent,  zinc  chloride  in  the  centre,  within 
a  limited  time  (say  4  hours),  is  little  less  than  100  pounds  per  square  inch. 
Experiments  made  by  Mr.  J.  P.  Card.  President  of  the  St.  Louis  Wood- 
Presprving  Co..  show  that  steamed  wood  takes  solution  reaiiily  wi'hout 
pressure,  to  a  limited  extent,  then  it  absorbs  it  very  slowly,  and.  if  10 
pounds  pressure  be  applied,  it  again  takes  solution  rapidly  to  a  certain 
point,  when  it  almost  stops  ;  and  so  on,  with  a  decreasing  scale,  up  to 
100  pounds,  beyond  which  it  is  very  stubborn,  pressure  or  no  pressure. 
With  a  pres-ure  of  100  pounds  and  a  2  per  cent,  solution,  more  than  y\°^ 
per  cent,  of  zinc  chloride  can  be  injected  into  every  part  of  a  5  or  6-inch 
paving  block  inside  of  four  hours.  This  conclusion  is  supp< 'rted  by  the 
results  of  analyses  made  by  us.  Six-inch  gum  blocks  treated  with  a 
maximum  pressure  of  40  pounds  for  four  hours  show,  from  nineteen 
analyses  of  their  centres  taken  across  the  fibre,  an  average  of  y,;??  per 
cent,  zinc  chloride.  The  number  of  blocks  for  each  analysis  ranged  from 
one  to  f  uur.  the  highest   result    being  j^^  per  cent,  the  lowest  yfy  per 
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cent.  Five-inch  gum  bl  >cks  treated  wirli  a  maximum  pressure  of  100 
pounds  for  3^  or  4  hours  show  from  seven  analyses  of  thnir  centres,  taken 
across  the  fibre,  an  average  of  j%%  per  cent,  zinc  chloride.  The  number 
of  blocks  for  each  analysis  ranged  from  one  to  six,  the  highest  result 
being  f^jj  per  cent,  zinc  chloride,  the  lowest  y-j ,  per  cent,  zinc  chloride. 
A  3  per  cent,  solution  was  used  in  all  cases. 

Frequently,  with  two  or  more  charges  treated  in  precisely  the  same 
way,  with  all  conditions  similar,  the  analyses  gave  different  results, 
which  can  be  accounted  for  in  no  other  way  than  that  the  difference  in 
the  structure  of  the  wood  examined  was  the  cause. 

In  order  to  determine  how  nearly  uniform  the  zinc  chloride  was  dis- 
tributed through  the  blocks,  three  examinations  of  6-inch  gum  blocks 
were  made.  Sliced  block  No.  1,  a  white  gum,  was  cut  across  fibre  into 
11  equal  slices  and  each  slice  analyzed.  Sliced  block  No.  2,  a  white  gum, 
was  cut  into  12  equal  slices,  across  fibre,  immediately  on  coming  from 
the  cyhnder,  and  each  slice  analyzed.  Sliced  block  No.  3,  a  red  gum,  to 
all  appearance  a  duplicate  of  No.  2,  and  treated  in  the  same  charge,  after 
coming  from  the  cylinder  was  placed  with  its  fibres  horizontal  and 
allowed  to  thoroughly  dry,  when  it  was  cut  and  analyzed  in  the  same 
manner  as  No.  2.  The  results  are  as  follows,  which,  for  the  sake  of  com- 
parison, have  been  platted,  taking  the  horizontal  line  for  the  scale  of 
slices  and  the  vertical  line  for  the  scale  of  per  cents.  These  blocks  were 
treated  by  the  zinc-gypsum  process  in  the  summer  of  1884,  at  the  time 
the  blocks  for  the  Chestnut  street  pavement  laid  m  this  city  in  that  year 
v\  ere  treated.  They  were  steamed  6^^  hours,  at  80  lbs.  pressure,  and  were 
in  a  2  per  cent,  solution  12  hours,  at  40  lbs.  pressure. 


No.  Slice. 
1.. 


Bk.ck  No. 

1.  per  cent. 

ZnCl2. 

.989 

.776 

.29.3 

.118 

.067 

.054 

.045 


Block  No.  Block  No. 
2,  per  cent.  3,  per  ct. 


ZiKHo 
2.440 
1.083 
.352 
.209 
.133 
.080 
.131 


Zn  CI, 
1.842 
.212 
!T63 
.062 
.045 
.084 
.Co- 


Block  No.  Block  No.  Block  No. 


1,  per  cent 

I,  per  cent. 

3perct. 

No. 

Slice. 

Zn  CI2. 

Zu  <  I2. 

Zn(;i2. 

8 

.056 

.131 

.074 

9. 

.072 

.183 

.064 

10. 

.'92 

.285 

.107 

11. 

.295 

.720 

.158 

12 

2.174 

1.653 

Ave 

ragi'. 

.260 

.661 

.377 

Examinations  of  s,  b.  No.  2  and  No.  3  were  made  for  the  purpose  of 
determining  to  what  extent,  if  any,  the  zinc  chloride  became  diffused 
through  the  block  while  it  was  drying  Notwithstanding  the  two  blocks 
were  of  differenr  kinds  of  gum,  there  is  no  evidence  that  diffusion  takes 
place  to  any  extent,  but  would  seem  to  indicate  that  the  solution  exudes 
somewhat.  The  average  of  s.  b.  No.  2  lies  between  the  second  and  third 
slices  from  either  end;  of  s.  b.  No.  3  the  average  lies  between  si  ces  Nos. 
1  and  2.  and  11  and  12.  Assuming  the  impregnation  to  have  been  equal, 
there  has  resulted  a  shifting  of  the  average  during  the  drying  as  much  as 
i  inch  from  the  centre  toward  either  end.  Slices  4  to  9  of  s.  b.  No.  3,  when 
compared  with  those  of  s.  b.  No.  2.  apparently  show  that  there  has  been 
some  equalization  in  the  block  while  drying. 

It  will  be  observed  that  the  curves  are  considerablj-  higher  on  one  side 
than  on  the  other,  which  shows  that  the  solution  enters  more 
freely  from  one  end  than  from  the  other.  This  result  is  due  to  the  valves 
of  the  sap  vessels.  The  solution,  entering  from  the  tree-top  end  of  the 
block,  meets  with  resistance  from  these  valves,   while,  from   the  other 


TREATMENT  OF  WOOD  FOR  STREET  PAVEMENTS. 


241 


end,  the  valves  are  actinjsj  as  in  the  natural  tree  and  offer  no  resistance, 
but  may  facilitate  the  absorption  and  prevent  the  exudation  at  this  end 
when  the  pressure  is  removed.  It  is  an  established  fact  that  posts  set 
tree-top  end  down  last  much  longer  than  when  in  the  natural  position. 
This  phenomenon  is  also  due  to  the  action  of  the  valves  of  the  sap  vessels. 
In  the  post  set  in  its  natural  position  the  valves  act  so  as  to  hold  what 
moisture  may  be  drawn  into  the  wood  by  capillary  attraction  and  thus 
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facilitate  decay,  while  in  the  post  reversed  the  action  of  the  valves  is  to 
resist  the  entrance  of  moisture.  Now,  in  a  wood  pavement  with  a  water- 
tight concrete  foundatioa  the  moisture  comes  from  above,  and  it  seems, 
could  inspection  be  carried  to  this  extent,  that  the  life  of  the  wood  would 
be  lengthened  were  the  blocks  placed  in  the  pavement  tree-top  end  up. 
The  blocks  would,  at  least,  then  be  in  a  position  to  best  resist  the  dissolv- 
ing action  of  water  in  carrying  off  the  antiseptic. 
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Various  kinds  of  wood  differ  very  materially  as  to  their  power  of  taking 
solution.  Analyses  made  of  a  sample  taken  from  the  centres  of  six  5-in. 
pine  blocks,  and  of  a  sample  taken  from  centres  of  six  5-in.  gum  blocks 
treated  at  the  same  time  show  for 

60 
Pine,  weight  per  cubic  foot  25.7  lbs.  —  per  cent.  Zn  CU. 

100 
38 

Gum,      •'  "  "      32.0    " 

100 
or  the  impregnation  of  pine  is  to  gum  as  100  to  62  when  (estimated  by  per 
cent.     These  blocks  were  treated  with  zinc  chloride,  steamed  4  hours  as 
18  lbs.  pressure  ;  in  solution,  3  hours  at  100  lbs.  pressure.* 

It  will  be  observed  that  the  average  weight  per  cubic  foot  of  the  pine 
blocks  was  only  25.7  lbs.  and  that  of  the  gum  blocks  was  32.0  lbs.  Where 
the  pine  showed  j'^-^  per  cent.  Zn  Clg  the  gum  showed  only  -f^^  per  cent. 
Zn  CI3,  whereas  if  the  gum  had  taken  ^^^  per  cent,  it  would  have  con- 
tained actually  as  much  of  the  antiseptic  as  the  pine,  or  if  the  pine  had 
taken  only  /„"„  per  cent.  Zn  CU,  it  would  then  have  contained  actually  at 
much  as  the  gum  with  y^f^  per  cent.  The  conclusion  is  therefore  obvious, 
that  where  the  quantity  of  the  material  to  be  incorporated  is  specified 
by  the  per  centum,  the  weight  per  cubic  foot  of  the  wood  should  be  con- 
sidered. 

Insj^ection. 

The  inspection  of  paving  blocks  should  be  made  before  treatment, 
because  after  treatment  the  blocks  are  found  to  be  so  discolored  as  to 
defy  the  detection  of  bad  ones. 

Chemical  analyses  should  be  made,  at  intervals,  of  the  solution  used, 
as  the  hydrometer  test  can  not  be  relied  upon  for  an  indefinite  time. 

In  order  to  insure  the  success  of  the  process,  a  chemical  examination  of 
a  sample  from  each  charge,  or  run,  should  be  made. 

All  methods  of  preserving  timber  depend  for  their  success  upon  the 
skillful  and  conscientious  manner  in  which  they  are  executed,  for  as 
they  involve  chemical  action  on  a  large  scale,  their  efiiciency  must 
depend  upon  the  observance  of  the  minute  practical  precautions  required 
to  exclude  disturbing  causes. 

Statistics  can  be  adduced  which  prove  conclusively  that  wood  treated 
in  a  proper  way  is  of  the  most  decided  economy;  but,  in  view  of  the  fact 
that  the  failures  of  treated  wood  pavements  are  traceable  to  improper  or 
imperfect  treatment,  to  bad  foundations  or  to  the  physical  properties  of 
the  wood  used,  treated  wood  for  street  pavements  can  as  yet  be  con- 
sidered as  scarcely  more  than  an  experiment. 

It  will,  of  course,  be  conceded  that  a  wood  which  will  wear  out  before 
it  begins  to  rot  will  in  nowise  be  benefitted  by  treatment. 

The  first  desideratum  for  a  treated  wood  pavement  is  a  wood  which 
combines  a  maximum  of  wearing  quality  with  a  minimum  of  expansion 
and  contraction,  together  with  a  minimum  of  cost.  Such  a  wood,  well 
treated  and  carefully  laid  on  a  proper  foundation,  would  undoubtedly 
give  decidedly  economical  results. 

*  We  intended  to  present  similar  analyses  of  spruce,  hemlock,  oak,  elm,  cottonwood, 
and  others,  but  tha-ough  some  misunderstanding  the  blocks  were  not  treated  in  time  for 
the  analyses  to  be  made. 
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By  Howard  Constable,  Member  of  the  Engineers'  Club  of  b>T.  Louis. 
iRead  March  18,  1885.] 


You  may  find  it  intert  sting  at  this  time  to  have  a  brief  account  of  the 
pipe  line  which  the  British  Government  has  decided  to  construct  in  the 
Soudan. 

The  Mahdi  has  proved  a  stimulant  to  the  profession,  and  it  is  ungrate- 
fully providing  an  anti-stimulant  for  him.  The  pipe  line,  or  system  of 
water  works,  is  to  supply  water  along  the  route  between  Suakim  on  the 
Red  Sea  and  Berber  on  the  Nile.  This  will  enable  Gen.  Graham's  army 
to  make  the  journey  across  the  desert  country  to  join  Lord  Wolseley, 
and  also  enable  the  railway  to  be  constructed  between  Suakim  and 
Berber,  which  latter  point  Gen.  Wolseley  seems  desirous  of  making  a 
new  base  of  operations. 

The  accompanying  map  of  Egypt  has  drawn  upon  it  the  proposed 
alignment  of  pipe  line  and  railway.  The  water  route  between  Cairo  and 
Berber  is  1,200  miles,  and  by  no  means  an  easy  or  rapid  line  of  communica- 
tion, as  we  have  all  been  made  aware  of,  by  the  frequent  accounts  of 
Gen.  Wolseley's  progress  up  the  Nile,  extending  over  the  past  few 
months.  The  distance  from  Suakim  to  Berber,  "as  the  crow  flies,"  is 
about  245  miles,  but  the  practical  route  for  the  railway  is  from  260  to 
280  milt-s.  The  nipe  line  will  probably  be  somewhat  shorter  than  the 
railroad,  as  it  need  not  be  restricted  by  grades,  and  therefore  ca*i  make 
some  short  cuts.  The  country  is  rough  and  broken,  and  nearly  destitute 
of  water,  at  least  to  the  extent  of  the  wells  being  very  irregularly  dis- 
tributed, and  the  amount  of  the  supply  very  meagre  and  uncertain  ; 
therefore  a  sufficient  and  steady  supply  of  water  must  be  had  at  any  cost, 
if  the  attack  on  the  Mahdi  is  to  be  made  from  Suakim  this  coming  fall. 

The  War  Office,  after  long  consideration  and  consultation,  sanctioned  the 
plan  of  laying  lines  of  pipe  the  whole  distance  and  establishing  pumping 
stations  wherever  necessary.  There  are  to  be  two  lines  of  4-inch  pipe 
two  pumping  engines  at  each  station,  the  stations  15  to  30  miles  apart,  and 
each  station  will  be  made  a  military  post.  The  cUstance  between  stations 
will  vary  considerably,  according  to  the  profile  of  the  line  and  the  best 
sites  for  military  posts. 

As  stated,  the  profile  of  the  country  between  Suakim  and  Berber  is 
quite  irregular.  Berber  is  about  1,000  feet  above  the  level  of  the  Red  Sea, 
and  the  intervening  country  has  at  least  two  summits  of  2,500  to  3,000 
feet  to  be  crossed  by  the  pipe  line. 

While  oil  has  been  pumped  unbroken  over  100  miles,  a  shorter  dis- 
tance is  better  adapted  to  making  the  best  combination  of  the  various 
conditions  that  must  be  considered,  especially  in  this  case  :  1.  Quantity 
of  water  required,  2.  Size  of  pipes  and  facility  with  which  they  can  be 
handled.  3.  Relation  of  pressure  to  size  of  pumps  and  pipes.  4.  Inspec- 
tion and  protection  of  the  line.  The  pumping  engines  are  direct-acting, 
of  the  Worthington  duplex  form,  as  seen  in  many  of  the  water-works  of 


244  ASSOCIATION  OF  EJJGINEERING  SOCIETIES. 

the  country,  excepting  that  the  water  end  is  of  special  design  for  heavy- 
pressures,  sunilar  to  those  designed  for  the  Standard  Oil  Company. 

The  resistance  to  be  overcome  by  the  pumps  varies  with  the  profile  of 
the  ground  and  the  distance  between  stations.  In  amount  it  will  be  from 
500  to  1,000  pounds  per  square  inch,  and  the  pumps  are  tested  to  a  pres- 
sure of  2,000  pounds  per  square  inch  before  leaving  the  works.  Those 
that  have  been  shipped  have  an  18-inch  steam  cylinder,  5. inch  plungers, 
and  18-inch  stroke.  The  plungers  are  outside  packed.  V;dves  are  in  de- 
tached chambers,  which  are  rounded  in  form  and  as  small  as  possible,  as 
shown  in  the  drawing.  Though  the  valves  are  small,  the  total  number 
afford  very  ample  water  passage.  The  water  and  steam  ends  are  rigidly 
connected  by  rods,  and  are  bolted  to  a  cast-iron  bed-plate.  The  space 
occupied  by  the  pump  is  about  15  feet  in  letigth,  and  the  amount  of  steam 
required  will  be  about  150  to  200  horse-power. 

The  accompanying  photographs  and  lithograph  will  give  you  a  better 
idea  of  the  construction  and  some  of  the  details.  The  amount  of  water 
is  150  to  200  gallons  per  minute,  which  is  equivalent  to  216,000  to  288,000 
gallons  per  day.  At  least  one  pump  a  week  is  to  be  shipped,  and  several 
have  already  gone,  the  Adriatic  taking  the  first  and  the  Britannic  and 
Germanic  following  with  the  others. 

The  pipe  will  be  of  wrought  iron,  four  inches  in  diameter,  re  enforced 
ends,  with  long  screw  thread.  It  will  be  joined  by  long  wrought-iron 
screw  sleeves.  It  will  be  laid  serpentine,  to  allow  for  expansion  and  con- 
traction, and  thus  avoid  special  "  slip  "  or  "  expansion  joints,"  which  are 
found  unsatisfactory.  The  pipe  will  be  buried,  and  any  tampering  with 
it,  or  the  valves  located  along  it,  will  immediately  indicate  itself  at  the 
pumping  station  by  a  reduction  of  the  pressure  ;  whereupon  a  gang  of 
repairers  with  a  military  escort  will  proceed  along  the  line.  There  will 
be  two  lines  of  pipe,  with  two  pumps  at  each  station  ;  the  pipes  deliver 
into  a  tank  from  which  the  pumps  draw  the  water  and  pass  it  along  to 
the  next  station.  The  order  for  pipe  will  amount  to  about  $750,000,  and, 
it  has  been  rumored,  may  possibly  be  placed  in  this  countiy,  as  our  Eng- 
lish cousins  have  had  little  experience  in  this  class  of  pipe,  and  are  not 
quite  so  well  prepared  as  our  manufacturers  with  machinery  for  the 
special  connections  and  to  turn  out  the  pipe  rapidly.  About  20  miles  a 
day  is  required,  the  whole  amount  needed  being  about  520  miles. 

While  this  pipe  line  for  the  Soudan  is  a  novel  war  measure,  the  engi- 
nering  part  is  not  without  precedent. 

The  accompanying  maps  illustrate  how  extensively  pipe  lines  have 
been  used  in  the  oil  regions.  You  will  notice  that  from  the  oil  belt 
northeast  of  Pittsburgh  they  radiate  to  New  York,  Philadelphia,  Balti- 
more, Pittsburgh,  Cleveland  and  Buffalo.  The  profile  shows  hovv  they 
run  over  mountains  and  valleys. 

At  New  York  they  cross  the  Hudson  River  80  feet  below  the  surface. 

And  in  this  city  of  St.  Louis  the  Waters-Pierce  Oil  Company  have  two 
small  lines  some  two  miles  in  length  crossing  the  Mississippi. 

The  lines  in  Pennsylvania  and  New  York  are  4  inches,  5  inches  and  6 
inches  in  diameter,  the  pressure  sometimes  1,500  lbs.  per  square  inch,  and 
the  service  continuous  night  and  day.  Some  of  the  pumping  stations 
cost  as  much  as  $75,000,  and  the  i)umps  are  of  the  compound  condensing 
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type.  Thus,  this  novel  war  measure,  which  seems  to  be  a  true  solution 
of  operations  in  the  Soudan,  presents  no  insurmountable  difficulties  to 
the  hydraulic  engineer. 


[Note. — The  map,  photographs  and  lithograph  referred  to  in  Mr.  Con- 
stable's paper  are  not  reproduced.  The  plan  and  profile  shown  appeared 
on  a  larger  scale  in  Engineermg  Neics  March  7th,  1885,  and  were  reduced, 
as  here  given,  for  Science.  They  are  from  a  reconnoissance  made  in  1875 
by  H.  G.  Prout,  then  an  officer  on  the  staff  of  the  army  of  Egypt.] 
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BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


February  18,  1885  : — A  regular  meeting  of  the  Boston  Society  of  Civil 
Engineers  was  held  and  called  to  order  at  7:45  p.  m.  ;  President  G.  L.  Vose  in  the 
chair ;  twenty-three  members  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  President  called  the  attention  of  the  Society  to  the  death  of  Mr.    Theophilus 

E.  Sickles,  an  honorary  member.  On  motion,  it  was  voted:  That  the  President  and 
Mr.  Thomas  Doane  be  appointed  a  committee  to  prepare  resolutions  and  such  obitu- 
ary notice  as  may  be  deemed  proper. 

The  conmiittee  appointed  at  the  last  meeting  to  recommend  an  investment  of 
the  funds  of  the  Society,  presented  a  report  and  recommended  the  purchase  of  a 
plain  five  per  cent,  bond  of  the  A.,  T.  &  S.  F.  R.  R.  The  Treasurer  reported  that 
the  funds  had  been  invested  as  recommended  by  the  committee. 

On  motion,  it  was  voted:  That  the  annual  meetmg  be  called  at  four  o'clock  p.  M., 
and  that  the  sum  of  fifty  doUars  be  appropriated  for  the  general  expenses  of  the 
Annual  Dinner,  and  placed  at  the  disposal  of  the  Committee. 

On  motion  of  Mr.  C.  W.  Kettell,  it  was  voted  :  That  the  sum  of  twenty-five 
doUars,  or  so  much  thereof  as  is  necessary,  be  appropriated  for  binding  the  peri- 
odicals of  the  Society  for  the  year  1885,  and  for  other  pur^joses  in  the  Library. 

On  motion,  it  was  voted :  That  a  committee  be  appointed  by  the  Chaii-,  to  prepare 
a  list  of  candidates  for  the  officers  of  the  Society  for  the  year  1885-6,  and  that  the 
Committee  be  instructed  to  present  three  names  for  each  office.  The  Committee 
appointed  was  Messrs.  Brooks,  French,  Albert  H.  Rowland,  McClintock. 

President  Vose  presented  a  communication  from  Ma-.  E.  L.  CortheU,  inclosing  a 
memorial  to  the  President  of  the  United  States,  praying  such  legislation  may  be 
had  as  shall  admit  of  direct  employment  of  civil  engineers  on  government  works, 
in  such  positions  as  they  may  be  deemed  competent  to  occupy.  Also  a  communi- 
cation from  Mr.  J.  C.  Prindle,  Civil  Engineer,  U.  S.  N. ,  reconmiending  and  advocat- 
ing the  selection  of  an  experienced  civU  engineer  as  Chief  of  the  Bureau  of  Yards 
and  Docks.  It  was  the  opinion  of  the  members  present  that  the  Society  should  take 
no  action  on  these  petitions. 

Messrs.  Ralph  A.  Quunby  and  Edward  A.  W.  Hammatt  were  elected  members 
of  the  Society. 

Mr.  Charles  E.  Putnam  was  proposed  for  membership,  recommended  by  Messrs. 

F.  P.  Stearns  and  Seth  Perkins. 

Professor  Gaetano  Lanza  addressed  the  Society  on  "  Some  Experiments  on  Belt- 
ing Made  at  the  Massachusetts  Institute  of  Technology." 

Mr.  Albert  F.  Noyes  read  "A  Description  of  the  Foundations  Placed  Beneath 
the  Pmnps  and  Engines  at  the  Newton  Pumping  Station." 

[Adjourned.']  H.  L.  Eaton,  Secretary. 

March  18,  1885  : — The  annual  meeting  of  the  Boston  Society  of  CivU  Engineers 
was  held  and  called  to  order  at  4 :40  p.  M. ;  Vice-President  L.  Frederick  Rice  in 
the  chair ;  forty-seven  members  present. 

The  record  of  the  last  meeting  was  read  and  approved. 
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The  Aimual  Report  of  the  Government  was  read  and  accepted,  and  on  motion, 
it  was  ordered  to  be  printed  with  the  proceedings. 

The  Committee  appointed  to  pi-epare  a  memorial  on  the  death  of  Samuel  F.  John- 
son, repoi'ted  as  follows  : 


Charlestown,  Mass.,  March  7,  1885. 
To  the  Boston  Society  of  Civil  Engineers : 

I  am  now  very  glad  to  perfoi-m  the  duty  assigned  me  February  21,  1883,  of 
presenting  a  memorial  of  the  late  Samuel  F.  Johnson,  who  was  one  of  the  honorary 
members  of  the  society,  and  who  died  at  his  home  in  Charlestown,  Mass.,  early  on 
the  morning  of  January  15,  1883. 

Mr.  Samuel  M.  Felton  writes  me  as  follows  concerning  him  : 

"  In  the  year  1834-5,  after  leaving  Cambridge,  I  was  at  Charlestown,  keeping  a 
private  school  for  boys.  Among  them  were  two  bi'others,  one  by  the  name  of 
Samuel  F.  Johnson,  the  other  William.  Samuel  was  the  elder,  and  a  remarkably 
bright  boy,  I  should  say  about  fifteen  years  old.  He  was  a  good  specimen  also 
physically,  fond  of  play  and  athletic  sports,  and  equally  fond  of  study  when 
engaged  in  that. 

"  In  1836  I  gave  up  this  school,  and  at  the  invitation  of  Colonel  Loammi  Baldwin 
took  charge  of  his  office  as  an  iustinictor  of  the  young  men  then  there  as  students 
in  civil  engineering.  Johnson,  George  A.  Parker,  John  Harris,  Eben  Baker,  and 
several  others  of  my  pupils  followed  me  into  the  office  of  Colonel  Baldwin,  and  be- 
came students  there.  At  the  death  of  Colonel  Baldwin,  which  occurred  in  June, 
1838.  I  took  the  office  and  most  of  the  business,  and  quite  a  number  of  the  students 
remained  with  me. 

"Johnson  was  employed  in  various  ways  in  engineering,  including  the  surveys  of 
several  railroads,  and  finally  I  appointed  him  as  a  Division  Engineer  on  the 
location  and  construction  of  that  part  of  the  Fitchburg  Railroad  from  Concord  to 
Littleton.  He  was  very  attentive  to  his  duties  and  particular  in  the  character  of 
all  his  work.  If  there  was  anything  in  which  he  particularly  excelled,  it  was  in 
masonry.  On  the  completion  of  his  work  on  the  Fitchburg  road,  he  was  appointed 
one  of  the  engineers  on  the  Vermont  &  Massachusetts  Railroad.  He  had  charge  of 
the  western  part  of  that  road  and  Mr.  Edwards  of  the  eastern  part.  His  work  here 
was  thoroughly  and  faithfully  executed,  and  when  that  was  done  he  was  appointed 
Engineer  and  Superintendent  of  the  whole  road,  and  was  a  member  of  the  New 
England  Society  of  Railroad  Superintendents. 

"He  subsequently  was  Engineer  of  the  Troy  and  Boston  Raih'oad,  and  completed 
that  road  and  the  depot  in  the  city  of  Troy.  The  depot,  greatly  through  his 
influence  and  exertions,  was  made  accessible  into  and  out  of  the  city. 

"From  Troy  he  went  to  Chicago  and  became  Engineer  of  the  Chicago,  St.  Paul 
and  Fond  du  Lac  Railroad  (now  the  Chicago  and  Northwestern  road).  It  was  then 
a  stniggling  road,  having  a  land  grant  to  keep  it  along.  When  funds  were  want- 
ing to  pay  the  men,  Johnson  took  a  wood  train  and  as  many  men  as  he  could  -w  ork, 
and  went  out  on  the  track  into  the  dense  forests  on  this  land  grant,  cut  down  the 
wood  and  timber,  loaded  the  same  on  the  cars,  and  hauled  to  Chicago  and  sold 
their  contents  there,  paid  the  men^  and  thus  for  a  time  kept  the  work  going. 

"From  this  road  he  went  to  a  road  in  Texas,  under  the  temptation  of  a  promised 
high  salary.  When  the  civil  war  broke  out,  Johnson,  being  a  man  of  Northern 
birth  and  education,  and  with  positive  ideas  of  his  own,  did  not  fall  in  with  the 
Texas  notion  of  secession,  and,  as  soon  as  he  could  get  away,  left  the  South  and 
returned  to  Massachusetts,  probably  sacrificing  a  considerable  portion  of  his  accu- 
mulations for  several  years,  as  I  understand  he  invested  quite  an  amoimt  in 
the  Texas  enterprise  when  he  went  there.  Some  time  after  his  return  to  Massa- 
chusetts, he  was  appointed  Engineer  of  Construction  of  the  Old  Colony  Railroad, and 
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built  the  extension  from  Fall  River  to  Newijort.  So  far  as  I  know,  this  was  the 
last  important  work  he  did  in  engineering." 

From  other  sources  I  have  gathered  the  following  :  Mr.  Johnson's  father  was 
'Samuel  R.  Johnson,  and  his  mother  was  bj-  name  Mary  Bemis,  and  both  of 
Charlestown.  Mr.  Samuel  R.  Johnson  was  a  practical  mason,  working  both  in 
rough  and  cut  stone.  He  died  in  middle  life,  from  exposure  in  riding  between 
the  Quincy  granite  quarries  and  Charlestown.  His  son,  Samuel  Francis,  was  born 
December  16,  1821. 

My  own  knowledge  of  Mr.  Johnson  began  in  1842,  when  I  entered  Mr.  Felton's 
office  as  a  fellow-student  with  him.  He  was  a  large  and  powerful  man  physically, 
as  Mr.  Felton  has  said.  He  was  about  six  feet  tall,  and  weighed  about  two  hundred 
and  forty  pounds.  His  deep  voice  was  in  consonance  with  his  other  powers.  His 
tailor  said  that  at  nineteen  years  of  age  his  chest  measure  was  greater  than  that  of 
any  man  of  his  age  that  he  knew.  During  his  boyhood  he  was  the  leading  spu'it 
as  well  as  bodily  presence  among  the  Charlestown  Pigs  in  their  tests  of  courage 
and  strength  on  the  ic8  of  Charles  River,  with  the  Chugs  of  the  north  end  of 
Boston.     He  was  alwaj's  near-sighted.     He  was  a  great  smokei". 

His  desire  for  and  appreciation  of  good  masonry  for  public  works,  he,  no  doubt, 
derived  from  his  father  and  fi'om  acquaintance  with  works  which  bis  father  was 
carrying  on.  His  physical  powei's,  with  his  determined  will,  gave  Mm  great  influ- 
ence among  men  with  whom  he  had  to  do. 

Since  Mr.  Felton's  especial  acquaintance  with  him  ceased,  I  think  Mr.  Johnson 
built  the  Portsmouth  and  Dover  Railroad.  He  leaves  a  widow,  who  was  his  second 
wife,  and  a  son  about  eighteen  years  of  age,  Sidney  Reginald  Johnson,  and  a  step- 
daughter. The  disease  of  which  he  died  resulted  from  his  Texas  experience.  His 
grave  may  be  found  at  Mount  Auburn.  Thomas  Doane,  Conmiittee. 


The  Committee  appointed  at  the  last  meeting  to  prepare  a  list  of  candidates  for 
the  officers  of  the  Society  for  the  year  1885-6  presented  the  foUowiug  report : 

President.        Vice-President.  Secretary.  Treasurer.  Librarian. 

H.  H.  Bradley,    E.  C.  Clarke,  H.  L.  Eaton,        H.  A.  Carson,    A.  E.  Burton. 

E.  S.  Philbriek,  C.  W.  Folsom.  F.  P.  Stearns,  T.  W.  Da^is,  C.  W.  Kettell, 
G.  L.  Vose.  L.  F.  Rice.  S.  E.  Tinkham.  H.  Mauley.        A.  F.  Noyes. 

On  motion  it  was  voted  :  That  a  Committee  be  appointed  by  the  Chair  to 
receive,  sort  and  count  ballots.  The  Chair  appointed  as  that  Committee  Messrs. 
A.  W.  Forbes,  Hardy  and  McClintock. 

On  motion  it  was  voted  :  That  the  officers  be  balloted  for  on  one  ballot. 

The  Society  then  proceeded  to  ballot,  with  the  following  result : 

President,  George  L.  Vose  ;  Vice-President,  L.  Frederick  Rice  ;  Secretary, 
Horace  L.  Eaton  ;  Treasurer,  Henry  Manley  ;  Librarian,  Albert  F.  Noyes. 

Edward  W.  Howe  was  appointed  Auditoi"  by  vote. 

On  motion  it  was  voted  :  That  the  Committee  on  the  Preservation  of  Timber  be 
continued  as  at  present  constituted,  with  the  name  of  Henry  Manley  added. 

On  motion  it  was  voted  :  That  the  Committee  on  Excursions  be  continued,  and 
that  it  consist  of  five,  to  be  appointed  bj^  the  Government. 

On  motion  it  was  voted  :  That  the  name  of  the  Committee  on  the  Introduction 
of  the  Metric  System  be  changed  to  the  Committee  on  Weights  and  Measures,  that 
its  duties  be  so  enlarged  that  it  may  include  all  the  subject-matter  as  indicated  by 
its  name,  and  that  the  Goverment  be  requested  to  appoint  this  Committee. 

On  motion  it  was  voted  :  That  an  assessment  of  six  dollars  be  levied  on  resi- 
dent members  of  the  Society. 

The  Secretary  announced  that  Mr.  Charles  H.  HasweU  had  presented  the  Society 
a  collection  of  minerals.  On  motion  it  was  voted  :  That  the  Government  be 
requested  to  extend  to  Mr.  HasweU  a  proper  acknowledgement. 
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Mr.  Charles  E.  Piituani  was  elected  a  nieiiiber  of  the  Society. 

The  following  uanies  were  proposed  for  membership  :  W.  W.  Wright,  by 
a.  W.  Blodgett  aud  W.  Shepard  ;  H.  D.  Woods,  by  A.  F.  Noyes  and  F.  Brooks  ; 
W.  A.  AJleu.  by  E.  W.  Howe  and  H.  Bissell. 

lAcljouraed.]  H.  L.  Eaton,  Secretary. 


ANNUAL      REPORT     OF  THE     GOVERNMENT     OP     THE     BOSTON     SOCIETY  OF     CIVIL   FNGINEERS, 
FOR  THE  YEAR  ENDING  MARCH   18,    1885. 

During  the  past  year  of  the  Society,  there  has  been  one  death,  that  of  Theophilus  E. 
Sickles,  an  honorary  member,  who  was  first  elected  a  member  in  1848.  .\  Committee 
has  been  appointed  to  prepare  a  suitable  notice  of  the  life  and  work  of  Mr.  Sickles  Two 
resignations  have  been  received  during  the  year,  and  sixteen  new  members  have  been 
added.  The  uet  gain  during  the  year  has  been  thirteen.  The  total  membership  at  the 
present  time  is  one  hundred  and  twenty-six,  of  which  number  six  are  honorary  and  two 
are  correspDuding  members  Regular  meetings  have  been  held  on  the  third  Wednesday 
of  each  month,  excepting  July  and  August,  and  one  special  meeting  was  held  January 
14.  1885.  The  number  of  forcr.al  papers  read  during  the  year  has  been  eighteen, 
aud  in  addition  there  have  been  verbal  communications  and  discussions  upon 
various  matters  The  average  attendance  has  been  twenty-four,  and  a  very 
decided  interest  has  been  shown  in  the  work  of  the  Socety.  Excursions  have 
been  made  during  the  summer  to  the  Improved  Sewerage  Works  at  Moon  Island  ; 
to  the  Sudburv  River  Conduit,  from  Echo  Bridge  to  Chestnut  Hill  Reservoir  ;  to  the 
Signal  Towers  at  Boston  and  Riverside,  upon  the  Boston  &  Albany  Railroad,  and  to  the 
Institute  of  Technology.  These  excursions  have  been  exceedingly  instructive  and 
agreeable,  furnishing  not  only  an  opportunity  for  a  careful  inspection  of  important 
works,  but  bringing  the  members  together  in  a  very  pleasant  manner,  and  promoting 
the  free  interchange  of  opinion  upon  various  matters  of  engineering.  It  is  hoped  that 
such  excursions  will  become  a  permanent  feature  in  the  proceedings  of  the  Society. 

At  the  meetings  of  September  17  and  October  13,  action  was  taken  amending  the 
Constitution  in  regard  to  the  matter  of  dues. 

The  revised  Constitution,  the  By-Laws,  and  a  corrected  List  of  Members  has  been 
printed  and  distributed. 

From  the  report  ot  the  Treasurer  we  have  the  following  in  regard  to  the  financial 
condition  of  the  Society  : 

ABSTRACT    OF  THE   TREASURER'S  REPORT  FOR  THE   YEAR   ENDING   MARCH   18,   1885. 

Receipts. 

Balance  on  hand,  March  19.  1884 : $298.79 

Assessment  for  current  year,  93  members  at  S6 ^ 5558.00 

Non-resident  dues,    '"         '"       7       ""  "'     'i 21.00 

"    coming'-     16        ••  ••     3 48  00 

627.00 

Interest  on  current  balance  17.66 

S943  45 
Permanent  Fund  Receipts. 

Cash  on  hand,  as  per  last  report  $297.00 

Entrance  fees 163.00 

Interest  on  bonds 97.00 

Proceeds  of  called  bonds 600.00 

$1,156.00 
Permanent  Fund  Expenditures. 

A.,  T.  &  S.  F.  Railroad  5  per  cent,  bond 8875.C0 

Accrued  interest  and  commission  ..' 23.47 

S898.47 

Cash  on  deposit 257.53 

Si. 156.00 
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Disbursements. 

Ass  ic'ation  of  Engineering  Societies $408.00 

Rerit  45.00 

Salary  of  Secretary oO.OO 

Binding 14.50 

Printing  Constitution 23.00 

Prinring  notices,  postage  and  stationery 78.31 

Periodicals 29  55 

AnnuLil  Dinner,  1884  19.50 

Cash  on  deposit  26.3 .  69 

Cash  in  hands  of  Treasurer  12.00 


_^ !.45 

Funds  of  ths  Society  in  the  hands  of  the  Ti  ea.surer  : 

A.,  T.  &.  S.  F.  Railroad  5  per  cent    bonds 8875.00 

Republican  Valley  Railroad  Co. 's  6  per  cent,  bonds 600.00" 

Permanent  fund,  cash  $257.53 

Current  fund,  cash 275.69 

333.22 

$2,008.22 
The  Government  recommends  an  assess)neut  for  the  ensuing  year  of  $6. 

The  Government  is  glad  to  announce  that  two  societies  have  joined  the  .Association  of 
Engineering  Societies  during  the  year  ;  those  of  Minneapolis  and  St.  Paul.  A  meeting 
of  the  Board  of  Managers  of  the  Association  was  h^ld  in  New  York,  September  4,  1884, 
the  proceedings  of  which  will  be  found  in  the  Journal.  In  conclusion,  we  would  call 
attention  to  the  Index  of  Engineering  Papers  which  is  now  published  in  the  Journal. 
It  is  proposed  to  make  this  as  complete  as  possible,  by  reference  to  the  engineering 
literature  of  all  countries,  so  that  members  of  the  Society  who  may  be  engaged  in  any 
special  lines  of  research  mav  be  able  to  see  what  other  investigators  are  doing  in  the 
same  direction. 

(Signed)  Geo.  L    Vose,  President. 

L.  Frederick  Rice,  Vice-President. 

H  )RACE  L.  Eaton,  Secretary. 

Henry  Manley,  Treasurer. 

Charles  W.  Kettell,  Librarian. 


March  18,  1885: — The  Annual  Dinner  of  the  Boston  Society  of  Civil  Engineers 
was  held  at  Young's  Hotel,  Boston,  at  six  o'clock  p.  M. ;  President  Vose  presiding 
and  forty-eight  members  present.  There  vrere  present,  as  guests  of  the  Society, 
S.  H.  Scudder,  H.  L.  Whiting,  J.  H.  Shedd,  A.  S.  Glover,  C.  T.  Main,  G.  P.  Lowe, 
F.  D.  Freeman,  H.  A.  AUen,  H.  D.  Woods,  G.  J.  Fisher,  Z.  B.  Adams. 

After  sufficient  time  had  been  given  to  the  dinner,  letters  were  read  by  Presi- 
dent Vase  from  Samuel  Nott,  Charles  S.  Storrow,  George  A.  EUis,  and  E.  S.  Ches- 
brough,  and  introduced  Mr.  Henry  L.  Whiting,  who  defined  what  was  expected  to 
be  obtained  by  the  new  topogi'aphical  and  geological  survey  of  Massachusetts,  and 
stated  that  the  actual  cost  pei"  square  mile  to  date,  for  the  topographical  work, 
was  about  fourteen  dollars.  A  map  of  the  Connecticut  River  Valley  within  the 
State  on  a  scale  of  30000  ^^^^  exhibited. 

Mr.  Henry  Mitchell,  of  the  Mississippi  River  Commission,  reviewed  the  work  of 
that  board. 

Mr.  Samuel  H.  Scudder,  editor  of  Science,  alluded  to  a  project  recently 
advanced  in  that  journal,  favoring  the  erection  of  a  fire-proof  building  in  the  city 
proper,  designed  to  furnish  suitable  accommodations,  for  society  purposes,  to  the 
various  societies  interested  in  pure  and  applied  science. 

Major  Charles  W.  Raymond  responded  to  West  Point  and  its  influence  in  the 
education  of  civil  engineers  in  the  United  States. 

Mr.  Thomas  Doane  referred  to  the  railroad  systems  of  the  Middle  and  Western 
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States,  their  construction,  equipment,  and  the  impropriety  of  building  conii^etitive 
railroads  not  demanded  by  public  necessity. 

Mr.  J.  Herbert  Shedd  referred  to  the  position  occupied  by  the  profession  and  the 
opportunities  open  before  the  younger  members. 

Mr.  Alphonse  Fteley  alluded  to  the  New  York  aqueduct  in  its  general  features, 
its  capacity,  location  and  profile,  and  the  proposed  form  of  cross-section  of  the 
Quaker  Bridge  Dam. 

Mr.  Eliot  C.  Clarke  alluded  to  sanitary  engineering  and  drainage,  and  the  neces- 
sity of  educating  the  public  to  the  need  of  employing  a  sanitary  engineer  in  the 
preliminary  consideration  of  sanitary  problems. 

Professor  Gaetano  Lanza  referred  to  the  results  of  experiments  on  the  transverse 
sti'eng-th  of  wooden  beams,  made  at  the  Massachussetts  Institute  of  Technology. 

Mr.  George  R.  Hardy  explained  the  economy  of  the  original  location  of  the  Bos- 
ton &  Albany  Railroad. 

Mr.  Charles  W.  Folsom  referred  to  the  earlier  members  of  the  profession,  their 
practice  and  principles,  as  an  example  to  modern  engineers. 

Mr.  Desmond  Fitz  Gerald  read  an  original  poem  on  the  Boston  water  supply. 

H.  L.  Eaton,  Secretary. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


March  18,  1885  :— The  Club  was  called  to  order  at  8  p.  si.  by  President  Moore, 
twenty-five  members  and  three  visitors  being  present.  Minutes  of  the  last  meet- 
ing were  read  and  approved. 

On  motion  of  Mr.  J.  B.  Johnson,  the  Club  unanimously  adopted  the  following  : 

"  Resolved,  That  a  committee  be  appointed  to  consider  and  report  upon  the  best 
means  of  improving  the  status  of  civil  engineers  in  the  service  of  the  general  gov- 
ernment." 

Mr.  McMath  proposed  an  amendment  to  Sec.  7  of  the  By-Laws.  As  amended 
the  section  would  be  as  follows,  the  second  sentence  being  the  amendment : 

Sec.  7.  Election  of  Members. 

Candidates  for  admission  to  the  Club  as  members  shall  be  proposed  by  not  less 
than  two  members  at  any  meeting  of  the  Club.  [The  proposal  shall  contain  a 
statement,  signed  by  the  candidate,  of  his  age,  residence,  qualifications  for  mem- 
bership in  the  Club,  and  that  he  will  conform  to  the  requirescents  of  membership 
if  elected.]    The  proposal  must  be  referred  to  the  Executive  Conunittee,  etc. 

Mr.  J.  B.  Johnson  read  a  paper  on  "  The  Theory  of  Car-Starters,"  which  was  dis- 
cussed by  the  Club. 

The  President  read  a  paper  by  Mr.  Howard  Constable  on  "  The  Proposed  Water- 
Pipe  Line  in  the  Soudan." 

Col.  S .  H.  Lockett,  who  was  one  of  the  American  officers  in  the  service  of  the 
Khedive  in  1875-6-7  as  Chief  Topographical  Engineer,  being  present,  spoke  at 
some  length  as  to  the  proposed  pipe  line  and  railroad.  He  was  familiar  with  the 
country  through  which  the  pipe  line  is  projected,  and  did  not  doubt  its  successful 
constniction  was  assured.  He  thought  the  railroad  projected  would  be  built.  The 
pipe  line  would  aid  such  consti-uction  and  be  absolutely  necessary  to  its  mainte- 
nance. The  climate  was  no  bar  to  its  settlement,  for  not  considering  the  lack  of 
water,  there  were  no  features  of  the  climate  against  which  objection  coujd  be 
brought.  To  obviate  the  lack  of  water  the  expedition  with  which  he  was  con- 
nected made  drive  weUs,  from  which  good,  constant  supplies  of  water  were  ob- 
tained. 

Prof.  Johnson  exhibited  a  French  calculating  machine,  which  excited  consider- 
able discussion. 

lAdjoumed.']  Thos.  D.  Miller,  Secretary. 
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April  1,  1885  : — The  Club  was  called  to  order  at  8  p.  m.  by  Vice-President 
McMath,  thirty  members  and  four  visitors  being  present. 

Minutes  of  last  meeting  were  read  and  approved. 

Executive  Committee  reported  that  the  resignation  of  Mr.  E.  Harrison  and  Mr. 
Samuel  Rockwell  had  been  accepted  ;  also,  that  C.  D.  Lamb  and  J.  C.  Meredith 
had  forfeited  their  right  to  membership  by  non-payment  of  initiation  fee. 

The  amendment  of  Sec.  7  of  the  By-Laws,  proposed  at  the  last  meeting,  was 
adopted  by  a  unanimous  vote. 

The  following  gentlemen  were  proposed  for  membership  :  Mr.  O.  A.  Orrmant 
St.  Louis,  Mo. ,  by  Messrs.  J.  A.  Ockerson  and  C.  W.  Clark  ;  Mr.  Walter  S.  Rus- 
sel,  Detroit,  Mich.,  by  Messrs.  W.  B.  Potter  and  J.  A.  Ockerson. 

Prof.  F.  E.  Nipher  read  a  paper  on  "  The  Efficiency  of  a  pair  of  Hoi tz  Machines, 
one  acting  as  generator  and  the  other  as  motor,"  which  was  discussed. 

Mr.  K.  Tully  read  a  paper  on  "  Construction  in  Wood  and  Iron." 

A  general  discussion  followed. 

[Adjourned.]  Thos.  D.  Miller,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


March  17,  1885  :— The  205th  meeting  was  held  at  4  p.  M.,  President  B. 
WiUiams  in  the  chaii-. 

In  the  absence  of  the  Secretary,  Mr.  Liljencrantz  was  appointed  to  act  as  Secre- 
tary pro  tern. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

The  amenchnent  to  Article  V. ,  Section  2  of  the  By-Laws,  as  offered  by  Mr.  L. 
P.  Morehouse  at  the  203d  meeting,  was  adojited. 

lAdjourned.l  G.  A.  M.  Liljencrantz,  Secretary  pro  tern. 


April  7,  1885  : — The  206th  meeting  was  held  at  4  p.  m.  ;  President  Williams  in 
the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  Artingstall,  for  Committee  on  Topics,  reported  a  list  of  subjects  on  which 
the  Society  should  invite  papers. 

It  was  voted  that  the  report  be  referred  back  to  the  Committee  for  revision  of  the 
preamble. 

Mr.  E.  J.  Ward,  an  Associate,  made  application  to  become  a  member,  and  was 
elected  as  such. 

The  President,  Trustee  Wright  anil  the  Secretary,  were  appointed  a  Committee 
to  arrange  for  quarters  for  the  year  beginning  with  May  1,  with  power  to  act. 

On  motion  of  Mr.  Bates  it  was  voted  that  members  be  requested  to  come  pre- 
pared at  the  next  meeting  to  suggest  a  practicable  plan  for  obtaining  discussions  of 
topics  at  meetings  of  the  Society. 

[_Adjou7-ned.']  L.  P.  Morehouse,  Secretaiy. 


CIVIL  ENGINEERS'  CLUB   OF  CLEVELAND. 


January  13,  1885  : — Regular  meeting  held.  President  HoUoway  in  the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

Upon  the  recommendation  of  the  Committee  on  Membership,  Messrs.  George 
Paul  and  A.  E.  Mitchell  were  elected  active  members,  and  Mr.  James  A.  Smith 
associate  member  of  the  club. 

On  motion  of  Mr.  Laman  the  chairman  appointed  the  following  persons  as  a 
conunittee  on  nomination  of  officers  of  the  club  for  the  ensuing  year  :  N.  P.  Bow- 
ler, J.  A.  Bidwell,  Hosea  Paul,  C.  M.  Barber,  N.  B.  Wood. 
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On  motimi  of  Mr.  Whitelaw,  the  committee  was  instructed  to  present  the  names 
of  two  persons  for  each  office,  and  to  report  the  same  at  the  next  meeting. 

B}'^  resohition  the  chib  expressed  its  desire  that  the  annual  meeting  to  be  held  in 
March  should  be  similar  to  the  last  annual  meeting. 

Mr.  W.  R.  Warner  then  read  the  paper  of  the  evening,  entitled,  "  Progress  in 
Asti'onomical  Telescopes." 

On  motion,  Mr.  Rawson  was  instructed  to  procure  and  present  to  Mrs.  Crehore 
extra  copies  of  the  biogi-aphical  sketch  of  the  late  John  D.  Crehore— by  J.  N. 
Stockwell. 

Upon  the  resolution  of  Mr.  Richardson,  adopted  November  11,  1884,  in  refer- 
ence to  the  publication  in  other  technical  joui'uals  of  matter  read  before  the  club, 
before  it  has  appeared  in  the  Journal  of  the  Association  of  Engineering  Soci- 
eties, the  Chan-  appointed  the  following  committee  :  A.  Swasey,  J.  N.  Richardson 
and  John  Whitelaw. 

On  motion,  the'Chair  appointed  the  following  Committee  on  Annual  Meeting  : 
E.  H.  Jones,  H.  M.  Claflin,  S.  T.  Welhiian,  W.  P.  Rice  and  A.  Swasey.  On  mo- 
tion, the  President  was  elected  chaii'man  of  the  committee. 

On  motion,  the  Treasurer  was  directed  to  pay  to  the  janitor  of  the  building  five 
dollars.  M.  W.  Kingsley,  Recording  Secretary. 

lAdjourned.l 

February  10,  1885  : — Regular  meeting  held,  President  Holloway  in  the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

On  recommendation  of  the  Committee  on  Membership,  Mr.  W.  H.  Searles  and 
Mr.  J.  H.  fxreenwood  were  elected  active  members  of  the  club. 

Mr.  John  H.  Sargent  then  read  a  paper  entitled,  "  Our  Lake  Front  and  its  Pos- 
sibilitie-." 

On  motion,  the  Treasurer  was  requested  to  furnish  to  the  Committee  on  Member- 
ship a  list  of  all  membei's  of  the  club  whose  annual  dues  are  more  than  one  year 
ir  arrears. 

The  Secretary  was  requested  to  ascertain  and  report  the  cost  of  printing  500 
copies  of  the  Amended  Constitution,  bound  in  convenient  form  for  the  pocket. 

The  Nominating  Committee,  appointed  at  the  last  meeting,  repoi-ted  the  following 
ticket  for  officers  for  the  ensuing  year,  presenting  the  names  of  two  persons  for 
each  office  as  requested  :  President,  J.  F.  Holloway  and  John  "Whitelaw  ;  Vice- 
President,  Charles  Latimer,  and  "W.  R.  Warner  ;  Corresponding  Secretary,  E.  H. 
Jones  and  N.  B.  Wood  ;  Recording  Secretary,  M.  W.  Kingsley  and  J.  S.  Oviatt  ; 
Assistant  Recording  Secretary,  F.  C.  Bate  ;  Member  of  the  Board  of  Managers 
of  the  Association  of  Engineering  Societies,  M.  E.  Rawson  and  John  Eisenmann  ; 
Treasurer,  S.  J.  Baker  and  A.  Swasey. 

The  Committee  on  Annual  Meeting  made  its  report,  which  was  received,  and 
Committee  continued.  M.  W.  Kingsley,  Recording  Secretary. 

\_AdJourned.'^ 

March  10,  1885  : — Annual  and  regular  meeting  held  at  the  StiUman  House, 
Euclid  avenue.     President  Holloway  in  the  chair. 

Minutes  of  last  meeting  were  read  and  approved. 

The  President  appointed  the  following  persons  as  tellers,  to  count  the  ballots  re- 
ceived by  the  Secretary  for  officers  for  the  ensuing  year  :  H.  M.  Claflin,  J.  L. 
Sterling  and  W.  R.  Warner. 

The  annual  reports  of  the  Treasurer,  Recording  Secretary  and  Member  of  the 
Board  of  Managers  were  read  and  ordered  placed  on  file. 

On  reconunendation  of  the  Committee  on  Membership,  the  following  persons  were 
elected  members  of  the  club  :  Associate  Members,  James  J.  Smith,  Wilson  M.  Day 
and  W.  E.  DoimeUy.     Active  Member,  Prof.  E.  W^.  Morley. 

A  communication  was  received  from  the  Civil  Engineer's  office,  Brooklyn  Navy 


254  ASSOCIA.TION  OF  ENGINEERING  SOCIETIES. 

Yard,  inclosing  a  Petition  to  the  President,  asking  the  appointment  of  a  Civil  En- 
gineer as  Chief  of  the  Bureau  of  Yards  and  Docks. 

Letters  were  read  from  Honorary  Members  Col.  Charles  Whittlesey  and  Col.  J. 
M.  Wilson,  and  from  a  former  member,  Rev.  J.  W.  Brown,  expressing  regrets  at 
their  inability  to  be  present  at  the  annual  meeting  and  banquet. 

The  tellers  appointed  to  count  the  ballots  for  officers  reported  that  the  following 
persons  had  been  elected  :  President,  J.  F.  Holloway  ;  Vice-President,  Chas. 
Latimer  ;  Corresponding  Secretary,  E.  H.  Jones  ;  Recording  Secretary,  M.  W. 
Kingsley  ;  Assistant  Recording  Secretary,  F.  C.  Bate  ;  Member  of  the  Board  of 
Manage7^s  of  the  Association  of  Engineering  Societies,  M.  E.  Rawson  ;  Treas- 
urer, S.  J.  Baker. 

President  Holloway  then  delivered  his  annual  address.  After  which  the  mem- 
bers and  invited  guests  adjourned  to  the  dining-room  to  partake  of  the  annual  ban- 
quet, at  which  133  persons  were  present. 

lAdjourned.'i  M.  W.  Kingslet,  Recording  Secretary. 


Editors  reprinting  articles  from  this  journal  are 
requested  to  credit  hofli  the  Journal  and  the 
Society  before  which  such  articles  were  read. 
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STEAMBOAT  SHAFTS. 


By  H.  W.  Baker.  Member  of  the  Engineers'  Cltjb  of  St.  Louis. 
[Read  April  15,  1885.] 


The  shafts  discussed  in  this  paper  are  those  in  use  upon  our  Western 
river  steamboats,  and  as  the  ones  which  are  troublesome  on  account  of 
breakages  are  almost  eniirelv  confined  to  those  of  stern-wheel  boats,  this 
will  limit  our  discussion  in  the  main  to  them. 

So  prevalent  is  this  breakage,  however,  that  it  has  become  a  settled 
conviction  with  many  good  boat  and  engine  builders  that  it  is  inevitable, 
and  is  only  a  question  of  rime  with  any  of  them  when  they  will  thus  fail, 

Before  we  accept  so  fataUstic  a  conclusion,  however,  let  us  examine 
the  facts  bearing  upon  the  subject,  and  see  if  they  do  not  demonstrate,  or 
at  least  indicate,  the  causes  of  failure,  and  suggest  a  remedy. 

Method  of  Supporting  a  Shaft  and  the  Forces  Acting  Upon  It. — 
Upon  stern-wheel  boats  the  shaft  is  supported  near  each  end,  project- 
ing beyond  the  pillow-blocks  an  amount  only  sufficient  to  receive  the 
cranks,  which  are  overhung  and  are  placed  at  right  angles  to  each  other, 
one  at  either  end  of  the  shaft,  Heavy  cast-iron  flanges  are  secured  to 
the  shafts  at  equal  intervals  between  the  pillow-blocks,  and  connect  the 
wheel  structure  to  it. 

The  stresses  imposed  upon  a  shaft  are  as  follows  :  On  the  portion  out- 
board from  the  pillow-blocks  a  torsional  moment  and  a  bending  moment 
due  to  the  pressure  upon  the  crank  pin,  and  another  bending  moment  due 
to  the  weight  of  the  crank  and  after  half  of  the  pitman. 

On  the  inboard  portion  a  torsional  moment  as  before,  a  bending 
moment  due  to  the  reaction  of  the  paddles  and  of  the  pillow  blocks, 
and  a  bending  moment  due  to  the  weight  of  the  wheel  itself  plus  what- 
ever load  it  may  carry  in  the  form  of  ice. 

Variable  shearing  stresses  are  also   distributed  throughout  the  shaft. 

Notation. — IV  =  weight  of  wheel  and  shaft  (cranks  not  included). 
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I  =  length  of  shaft  in  inches  from  centre  to  centre  of  journals. 

P  =  pressure  of  steam  in  cylinder  per  square  inch. 

A  =  area  of  piston  head  in  square  inches. 

L  =  length  of  stroke  of  engine  in  inches. 

r  =  radius  of  outer  portion  of  shaft  under  consideration,  or  of  inscribed 
circle  when  of  hexagonal  section. 

r'  =  iuner  radius  of  portion  of  shaft  .under  consideration  (when 
hollow;. 

h  =  perpendicular  distance  between  the  faces  of  a  hexagon. 

J)  =  maximum  stress  from  bending. 

q  —  maximum  stress  from  torsion. 

p^  —  maximum  combined  stress. 

I  =  movement  of  inertia  of  cross-section. 

E  =  coefficient  of  elasticity. 

M^  =  torsional  moment  at  any  section. 

M  —  bending  moment  at  any  section. 

Now  the  pressure  upon  the  crank  pin  is  in  an  approximately  horizontal 
line,  or  at  right  angles  to  the  direction  of  the  force  of  gravity  ;  therefore, 
in  a  round  shaft,  the  particle  under  the  greatest  stress  from  the  bending 
action  of  either  of  the  forces  outboard  from  the  journal  is  at  the  neutral 
axis  of  the  section  of  stress  from  the  other  force.  The  case  of  maximum 
stress  is  here  taken  as  solved  with  sufficient  accuracy  by  combining  with 
the  greater  of  these  two  stresses  the  maximum  stress  from  torsion,  by 
means  of  the  formula  for  the  ellipse  of  stress  which  for  this  case  assumes 


maximum 


the  form,  i>i  =  ^  +  V  (^  )     +  Q'S  and  the  angle  which  the 

stress  makes  with  the  axis  of  the  shaft  is  the  one  given  by  the  formula 
tan  20  =  — ,  0  being  the   angle,  the  stress  from  torsion  being  at  right 

angles  to  the  stress  from  bending. 

The  lever  arm  for  the  bending  action  of  the  force  upon  the  crank  pin 
is  taken  as  the  horizontal  distance  from  the  line  through  the  centre  of 
cylinder,  to  the  middle  point  of  the  journal. 

The  above  stress  will  be  a  maximum  at  the  middle  of  the  journal. 

Stresses  in  the  Body  of  the  Shaft. — The  section  of  this  may  be  either 

circular  or  hexagonal.     In  either  case,    the  same   formula  is  used   in 

3[  r" 
determining  the  torsional  stress,  viz. :  q  =  — -^,  r"  being  the  distance  from 

the  centre  of  the  shaft  to  the  outermost  particle.  This  formula  considers 
the  stress  upon  any  particle  to  vary  directly  as  its  distance  from  the 
centre,  and  is  exact  for  the  circular  section  and  nearly  so  for  the  hex- 
agonal section. 

Torsion. — The  force  opposite  to  the  effort  upon  the  crank-pin,  which 
with  that  forms  the  torsional  couple,  is  the  reaction  of  the  paddles,  and  is 
distributed  uniformly  along  their  entire  length.  The  torsional  moment 
may  be  taken  as  varying  uniformly  from  a  maximum  at  one  journal  to 
zero  at  the  other  journal  for  any  given  effort  upon  either  crank-pin.  This 
will  give  at  the  middle  of  the  shaft  a  maximum  moment  equal  to  one- 
half  of  the  maximum  moment  at  the  journal. 
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Bending. — As  on  the  outboard  portion,  so  tlieri  will  here  be  two  dis- 
tinct bending  actions  at  rij^ht  angles  to  each  otlier.  One,  whose  forces 
act  in  a  horizontal  plane,  due  to  the  reaction  of  the  paddles  and  of  the 
pillow  blocks,  and  the  other,  whose  forces  act  in  a  vertical  plane,  due  to 
the  weight  of  tbe  wheel,  shaft  and  ice,  and  the  greater  of  these  at  any 
section  is  the  one  whose  stress  is  taken  to  combine  with  the  stress  from 
torsion  at  that  section,  as  before. 

Stresses  from  the  Reaction  of  the  PaddJes  and  of  the  Pilloiv  Blocks. — 
The  stresses  from  bending  arising  from  these  are  by  no  means  easy  to 
trace,  and  could  only  be  determined  accurately  in  any  given  case  by  very 
careful  inspection  and  analysis  of  that  particular  problem. 

The  reaction  of  the  paddles  per  se  would  cause  a  bending  moment 
similar  te  that  upon  a  beam  supported  at  the  ends  and  loaded  at  different 
points,  being  a  maximum  at  the  middle  of  the  shaft  and  vanishing  at 
the  points  of  support.  But  the  action  of  the  forces  outboard  from  the 
pillow  blocks  complicates  the  problem. 

For,  on  the  forward  stroke  of  the  engine,  its  force,  causing  a  bending 
action  on  the  shaft,  is  in  the  same  direction  as  that  of  the  reaction  of  the 
paddles,  and  they  tend  to  break  the  shaft  over  the  intermediate  support 
and  the  ratio  between  the  length  of  stroke  and  the  diameter  of  the  wheel ; 
the  pressure  upon  the  crank  pin,  and  the  distances  from  the  line  through 
the  centre  of  engine  to  the  middle  of  the  adjacent  journal,  and  from 
middle  to  middle  of  journals,  determine  the  amount  and  direction  of  the 
reaction  of  the  farther  bearing,  and  with  that  the  stresses  in  the  shaft. 
When  the  engine  is  on  the  after-stroke,  the  direction  of  its  force  is  oppo- 
site to  that  of  the  reaction  of  the  paddles,  and  the  stresses  in  the  shaft 
very  different  from  the  former  case  :  but  the  ratio,  lengths  and  pressure 
before  used  become  again  the  determining  factors  for  the  reactions  of  the 
supports,  and  with  them  determine  the  stresses  in  the  shaft  under  these 
new  conditions. 

But  the  exact  solution  of  this  tedious  i^roblem,  with  its  somewhat 
ambiguous  results,  is  scarcely  of  great  practical  moment,  for  the  stresses 
thus  imposed  can  only  become  the  prominent  bending  stresses  at  or  near 
the  points  of  support,  where  the  bending  moment  from  the  weight  of 
the  wheel  is  greatly  reduced.  At  the  middle  of  the  journal  it  must 
equal  that  imposed  by  the  crank  pin  action,  which  is  the  proximate 
cause.  For  the  purposes  of  practical  investigation,  a  sufficiently  accurate 
approximation  will  be  given  by  taking  the  bending  moment  at  the 
middle  of  the  journal,  as  determined  by  the  pressure  upon  the  crank 
pin,  and  considering  it  as  varying  directly  with  the  distance  therefrom, 
and  vanishing  at  the  further  support  ;  as  the  stress  from  the  weight  of 
the  wheel  soon  becomes  largely  the  greater  one,  when  advancing  toward 
the  middle  of  the  shaft. 

Right  near  the  journal  a  shaft  is  very  liable  to  fail. 

Stresses  from  the  Weight  of  the    Wheel. — The    weight  of  the  wheel 

may  be  taken  as    uniformly  distributed  over  the   length  between  the 

middles  of  the  journals,  and  the  stress  due  to  it  a  maximum  at  the 

Mr 
middle  of  the  shaft ;  and  of  the  value  p  =  —-  .      With    this    combine 

the  stress  due  to  the  torsional  moment  at  this  point,   by  the  formula 
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previously  given,  and  the  result  will  closely  approximate  the  maximum 
stress  at  the  middle  of  the  shaft. 

Deflection  of  Shaft  at  the  Middle. — At  the  middle  of  the  shaft,  when 
long  and  carrying  a  heavy  wheel,  the  deflection  of  the  same  becomes 
a  serious  matter.  For  it  is  quite  obvious  that  a  shaft,  subjected  to 
heavy  stresses,  forced  into  a  constrained  position  and  then  revolved, 
being  held  meanwhile  in  this  constrained  and  deflected  position,  the 
stresses  from  bending  moments,  being,  at  each  revolution,  completely 
changed  from  tension  to  compression  aud  back  again  to  tension,  or  vice 
versa,  must  be  the  victim  of  severe  racking  strains  which  must  inevit- 
ably hasten  its  disintegration  when  these  are  of  any  great  extent. 

In  fact,  these  two  causes,  the  changing  of  the  sign  of  the  stresses  with 
each  half  revolution,  and  the  peculiar  racking  strains  induced  by  the 
deflected  position  of  the  shaft,  seem  to  be  mortal. 

The  formula  from  which  the  deflections  were  computed  is  from  Rankine 

5  W  P 
and  is  as  follows,  deflection  in  inches  =  ^^.  „  ,,  and  this  is  multiplied  by 

obi  Hi  1 

the  coefiicient,  f ,  to  allow  for  the  stiffening  effect  of  the  wheel  structure. 

In  the  table  appended,  the  maximum  stresses  were  computed  by  taking 
those  due  to  bending  as  simply  the  maximum  tension  or  compression  at 
any  moment,  whereas  Wohler's  experiments  on  the  fatigue  of  metals 
show  that  the  difference  between  the  limits  of  stress  to  which  the  metal 
is  worked  is  the  measure  of  the  effective  sti-ess,  and  that  even  an  eleva- 
tion of  limits,  as  long  as  they  do  not  exceed  the  limits  of  elasticity  of 
the  material,  only  reduces  the  range  through  which  it  can  be  safely 
worked.  To  double  the  stress  from  bending,  and  take  85  per  cent,  of  the 
result,  would  not  be  an  exaggerated  case,  as  90  per  cent,  of  the  sum  is 
no  more  than  Wohler's  tables  call  for,  and  with  this  combine  the  stress 
from  torsion.     Examples  of  this  are  given  in  the  table. 

It  will  be  noticed  that  any  of  these  resultant  stresses  are  very  much 
too  high  for  satisfactory  results,  and  in  corroboration  of  this  evidence  is 
the  unanimity  of  testimony  in  regard  to  the  appearance  of  ashaftw^hen 
fractured,  viz.,  that  it  will  show  a  crystalline  fracture,  a  well-known 
result  of  excessive  strains. 

That  the  length  of  shaft  with  its  attendant  phenomena  is  a  great  source 
of  weakness,  is  evidenced  by  the  comparative  freedom  from  breakage  of 
the  shafts  of  side- wheel  boats,  in  some  of  which  the  wheels  are  quite  heavy, 
though  always  comparatively  short.  Each  one  on  the  "'  Bayou  Sara"  will 
weigh  25  tons,  and  on  the  "  Will  S.  Hays  "  33  tons,  while  the  cast-iron  shafts 
upon  the  "  Jno.  A.  Scudder  "  have  been  in  use  there  for  twelve  years, 
having  previously  worn  out  the  "  Marble  City." 

To  remedy  this,  the  experiment  was  formerly  tried  of  dividing  the 
wheel  structure  into  two,  and  of  putting  an  additional  support  under  the 
shaft  at  the  middle,  and  even  of  making  two  distinct  wheels,  but  it  did 
not  prove  satisfactory  and  has  been  abandoned. 

Another  factor  which,  though  not  constantly  present,  is  liable  to  give 
rise  to  abnormal  strains  when  present,  is  ice.  The  entire  area  of  wheel 
surface  upon  the  "  Port  Eads"  is  5,030  square  feet ;  a  covering  of  ice  on 
an  average  one  inch  thick  over  this  would  weigh  24,000  pounds,  or  an 
increase  in  weight  of  wheel  and  cranks  of  37  per  cent. 
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Upon  the  "  Future  City"  the  area  of  wheel  surface  is  5,590  square  feet, 
and  a  covering  of  ice  over  this  one  inch  thick  would  weigh  27,000  pounds, 
an  increase  of  35  per  cent,  in  weight  of  wheel  and  cranks. 

As  an  example  of  the  possible  abnormal  stresses  that  may  be  imposed 
upon  a  shaft,  take  the  following  :  On  the  "  Future  City,"  weight  of  wheel, 
72,000  pounds  ;  add  for  ice,  26,000  pounds  ;  bending  stress  at  middle  from 
these  weights,  10,895  pounds  per  square  inch  ;  85  per  cent,  of  the  double 
of  this  =  18,522.  Combine  this  with  the  maximum  stress  from  torsion 
which  might  occur  where  the  wheel  struck  some  obstruction  and  would 
be  the  double  of  that  given  in  the  table,  and  the  resulting  stress  at  the 
middle  of  the  shaft  is  20,560  pounds  per  square  inch. 

Again,  take  in  the  same  manner  the  "  Port  Eads,"  and  you  will  obtain 
a  stress  at  the  middle  of  shaft  of  13,700  lbs.  per  square  inch.  No  account 
is  taken  in  either  of  these  cases  of  any  stiifening  effect  the  ice  upon  the 
shaft  itself  may  have. 

An  obvious  remedy  for  both  the  excessive  stresses  and  the  deflection  in 
shafts,  without  an  inordinate  increase  in  weight,  is  to  make  the  shaft  hol- 
low, and  to  lighten  the  wheel  structure  by  making  it  of  iron  as  far  a  prac- 
tical. As  an  example,  take  the  "  Future  City's"  shaft,  and  compare  it  with 
a  hollow  shaft  of  the  same  weight,  with  a  shell  2  inches  thick.  The  out- 
side diameter  of  this  shaft  would  be  33|",  and  the  combined  stress  at  the 
middle  would  be  only  2,955  lbs.  per  square  inch  in  place  of  9,128  lbs.,  as 
now  found.  This  is  an  increase  in  strength  to  over  300  per  cent,  of  that 
of  the  present  shaft.     The  deflection  at  the  middle  would  be  only  .0433". 

The  new  shaft  upon  the  "  W.  W.  O'Neil"  taken  in  the  same  manner 
would  give  a  shaft  31.22"  outside  diameter,  combined  stress  at  the  middle 
2,622  lbs.,  strength  increased  to  313  p^r  cent,  of  that  of  present  shaft,  and 
deflection  at  middle  .071". 

Again,  take  two-thirds  of  the  weight  of  the  last  shaft,  and  treat  it  as 
before.  This  gives  an  outside  diameter  of  21.48",  combined  stress  at  the 
middle  7,838  lbs.  per  square  inch,  deflection  at  middle  .22",  an  increase 
in  strength  of  45  per  cent.,  with  a  reduction  in  weight  of  33J  per  cent. 

Espe  iments  have  been  made  upon  hollow  shafts  with  various  degrees 
of  success.  Upon  the  "  Jno.  R.Meigs  "and  the  "  C.  B.  Reese,"  sister 
boats  of  iron,  their  shafts  were  made  of  plate-iron,  were  15"  diameter, 
the  end  sections  f/'.  and  the  middle  sections  f  inch  thick,  with  7"  laps 
double  riveted,  while  the  wheel  itself  was,  with  the  exception  of  the 
buckets,  entirely  built  of  iron,  the  total  weight  of  wheel  and  shaft  being 
only  10.500  lbs. 

On  the  "'C.  W.  Howell"  a  similar  shaft  was  used,  18"  diam..  built 
in  sections  5  feet  long,  of  j%"  iron.  The  sections  were  connected  by 
heavy,  circular  diaphragm  plates  f"  thick,  which  passed  completely 
thruugh  the  shaft  and  formed  the  flanges  for  the  wheel  arms.  The  sec- 
tions of  the  shaft  were  secured  to  this  by  flanged  fastenings  firmly 
riveted,  and  the  entire  weight  of  the  wheel  was  only  12,500  lbs. 

On  the  "Horatio  G.  Wright,"  a  side-wheel  boat,  the  shafts  were  very 
similar  to  those  upon  the  "  Reese"  and  "  Meigs,"  being  24"  diam.,  of  |", 
y\"  and  ff!,"  plate,  and  the  wheel  weighing  only  23,000  lbs.  The  laps 
between  sections  were  16"  and  17",  well  riveted,  and  with  a  cast  hub 
inside  and  heavy  bands  shrunk  on  outside. 
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The  stresses  upon  these  shafts,  it  will  be  observed,  are  among  the  lowest 
of  those  given  in  the  table,  nevertheless  they  were  all  of  them  short- 
lived ;  the  one  on  the  "  Wright  "  scarcely  running  three  seasons,  and  the 
others  shorter  times. 

Doubtless,  imperfection  of  workmanship  is  one  cause  of  failures,  for  it 
would  take  very  careful  construction  to  make  a  riveted  structure  for 
such  a  service  that  would  have  no  bolts  drifted,  and  no  initial  stresses 
imposed  upon  it,  and  at  the  same  time  show  no  signs  of  looseness  anj'- 
where.  It  was  to  imperfections  of  this  kind  that  the  failure  of  the 
•"  Wright's  '■  shaft  was  due. 

The  advantages  for  this  form  are,  that  a  good  uniform  grade  of  material 
can  be  secured,  and  lightness,  good  disposition  of  metal  for  strength, 
and  cheapness.  But  further  disadvantages  are  found  in  the  discon- 
tinuity of  the  metal  and  the  abrupt  changes  in  mass  at  the  overlaps, 
butts  and  flanges,  which  give  rise  to  numerous  nodal  points  for  the 
heavy  vibrations  induced  by  the  wheel  action  to  concentrate  upon,  and 
the  effect  upon  so  thin  a  sheet  of  metal  is  very  liable  to  prove  disastrous. 

Although  these  experiments  have  not  met  with  the  success  that  was 
hoped  and  anticipated  for  them,  this  field  can  scarcely  be  said  to  have 
been  exhausted  ;  but  with  generous  factors  of  safety  and  good,  careful 
workmanship,  might  be  made  a  success,  possibly.  However,  any  built 
or  riveted  work  in  service,  subjected  to  severe  racking  strains,  labors 
under  manfest  disadvantages,  and  is  inherently  weak  and  vulnerable. 

Hollow  steel  shafts  have  been  made  by  forging  the  shaft  solid  and  then 
boring  out  a  central  core  of  the  desired  dimensions.  The  hollow  Krupp 
shaft  recentl}'  placed  upon  the  "  Harrj^  Brown"'  was  made  in  this  manner. 
Although  the  size  of  this  hollow  shaft  is  not  sufScient  to  make  any  very 
radical  improvement  in  strength  as  compared  with  the  solid  Krupp  steel 
shaft  which  it  replaced,  nevertheless  the  facility  which  this  affords  for 
the  examination  of  tke  interior  of  the  forging,  thus  insuring  against 
internal  flaws,  is  a  decided  advantage. 

Materials  of  Construction. — The  advantages  of  iron  for  shafts,  as 
manufactured  in  this  country,  seem  to  be  the  ability  to  work  it  at  a 
high  heat,  and  the  comparatively  uniform  working  of  the  metal.  Then, 
too,  the  greater  or  less  tendency  to  lamination  arising  from  the 
method  of  piling  the  shaft  is  not  without  its  advantages,  for  a  crack 
started  by  an  abnormal  strain  will  often  terminate  with  the  lamina  in 
which  it  originates  and  the  shaft  prove  still  serviceable  for  years  ; 
whereas,  with  a  homogeneous  metal  like  steel  the  flaw,  once  started, 
will  continuously  increase  and  ultimately  ruin  the  shaft.  Steel,  of  course, 
has  the  advantage  of  great  strength,  and  when  properly  worked,  can  be 
made  somewhat  lighter  than  an  iron  shaft  of  the  same  strength. 
Its  disadvantages  are.  that  it  cannot  be  worked  at  so  great  a  heat  ag 
iron  without  danger  of  injury;  and  at  the  lower  temperature  necessary, 
when  in  large  masses,  it  is  very  liable  to  be  of  quite  variable  quality 
throughout  the  mass,  the  central  portions  being  little  else  than  the  metal 
as  cast  in  the  ingot,  while  the  outer  portion  is  of  a  highly- wrought  nature. 
In  fact,  the  inherent  defect  and  failure  of  steel  shafts  as  made  in  this 
country  is  largely  traceable  to  this  as  a  cause,  as  numerous  tests  and 
experiments  demonstrate. 
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Take  the  tests  of  the  steel  anclior  bolts  of  the  Illinois  and  St.  Louis 
Bridge.  There  are  59  of  these  30  feet  Ions;  by  5f  in.  diameter,  with  the 
ends  6^  in.  diameter.  They  were  all  tested  to  a  stress  of  40,000  lbs.  per 
square  inch.  Twenty-seven  bolts  broke,  some  of  them  at  the  larger 
diameter  and  some  with  a  stress  of  only  36,000  lbs.  per  square  inch. 
Though  some  of  the  broken  bolts  showed  evidence  of  injury  from  heat, 
others  appeared  perfectly  sound,  and  none  of  the  test  specimens  cut  from 
these  broken  bolts  showed  a  breaking  stress  of  less  than  100.000  lbs.  per 
square  inch. 

The  cause  then  assigned  is  doubtless  the  true  one,  viz.,  the  improper 
forging  with  light  hammers,  which  by  extending  the  outer  skin  of  the 
piece  sets  up  high  initial  stresses  within  it,  the  interior  being  under  high 
tension  and  the  exterior  under  high  compression,  so  that  a  slight  addi- 
tional stress  would  rupture  a  piece,  any  specimen  cut  from  which  would 
show  good  results. 

Again,  take  the  case  of  the  United  States  dispatch  boat  "Dolphin," 
which  broke  her  shaft  upon  her  trial  trip.  This  boat  had  an  American- 
made  steel  shaft,  and  specimens  tested  from  it  after  its  failure  gave  the 
following  results  : 

Breaking  Elastic 

stress.  limit  Elongation. 

Test  piece,  cut  from  the  centre  of  the  shaft .i4. 000  lbs.  34,000  lbs.  2  per  cent. 

••    from  the  periphery  80,000  lbs.  32.000  lbs.  18  per  cent 

Now,  although  there  was  a  flaw  in  the  broken  section,  the  above  test 
demonstrates  the  great  liability  of.  breakage  at  any  time. 

Again,  take  the  case  of  the  tow-boat  "'Henry  Lourey,"  which  has 
broken  two  steel  shafts  of  the  same  manufacture  as  the  one  above. 
These  were  hexagonal  in  section,  14"  between  the  faces  of  the  hexagon, 
and  29'  |"  between  the  centres  of  bearings.  Each  broke  with  about  one 
year's  service,  and  gave  way  without  any  warning  whatever,  much  as  a 
piece  of  glass  would  break,  though  the  appearance  of  the  fracture  was 
that  of  a  good  steel. 

That  the  trouble  is  mainly  in  the  manufacture  is  evidenced  by  com- 
parison with  other  steel  shafts,  notably  those  of  Krupp's  manufacture, 
which  have  been  used  somewhat  extensively  here. 

Tests  from  the  shaft  broken  upon  the  "  W.  W.  O'Neil "  show  as  an 
average  elastic  limit  39.400  lbs.  :  breaking  stress,  84,500  lbs.  :  elongation, 
19.2  per  ceat.;  reduction  of  area.  34.1  per  cent.  These  results,  it  will  be 
noticed,  are  not  far  different  from  those  from  the  outside  of  the  "  Dol- 
phin's" shaft. 

But  the  evidence  of  the  homogeneity  of  the  metal  and  its  freedom  from 
initial  stresses  is  the  fact  of  its  running  for  some  time  after  the  cracks 
had  started  without  entirely  breaking  through.  The  same  can  be  said 
of  the  Krupp  shaft  broken  upon  the  "  Harry  Brown."  When  discovered, 
the  break  in  this  was  9  inches  long,  and  after  three  months  of  hard 
usage  had  extended  only  li  inches  in  length,  and  examination  then 
showed  that  the  crack  was  nowhere  more  than  two  inches  deep.  In  both  of 
these  cases  the  table  shotvs  clearly  that  the  failure  was  due  to  overloading, 
and  the  method  of  failure  shows  conclusively  the  excellence  of  steel  for 
this  purpose  when  properly  worked. 

Another  evidence  of  the  same  fact  is  the  much  lower  percentage  of 


Elastic 

Reduction 

limit. 

Elongration. 

of  area. 

Lbs. 

Per  cent. 

Per  cent. 

.38.000 

7.38 

11.5 

41..370 

10.04 

19.6 
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failure  in  small  shafts  than  large,  even  when  subjected  to  equaUy  high 
stresses. 

Evidently  the  comparatively  light  hammers  used  by  American  steel 
manufacturers  are  not  sufficient  to  secure  the  best  results. 

But  the  manifest  advantages  of  a  hollow  shaft  have  led  to  some  investi- 
gation in  regard  to  them  with  the  following  results  : 

A  hollow  shaft  can  be  cast  of  steel,  for  a  reasonable  price,  and  with 
the  present  great  improvements  in  casting  steel  with  reasonable  assurance 
of  securing  a  sound,  serviceable  article. 

Tests  of  Otis  steel  from  a  cast  ingot,  24"  diameter  and  60"  long,  gave  as 

an  average  : 

Tensile 

strength. 

Lbs. 

From  outside  of  c.ylinder 77,000 

From  inside  of  cylinder 87,080 

This  cylinder  was  annealed  after  casting. 

English  manufacturers  report  the  use  of  steel  castings  in  even  more 
formidable  service  than  this,  and  experience  no  insurmountable  difficulty 
in  turning  them  out  perfectly  sound  and  with  an  average  breaking  stress 
of  36  tons  per  square  inch. 

The  casting  of  a  hollow  steel  shaft  is  an  entirely  feasible  undertaking, 
and  as  the  limit  of  the  diameter  for  a  given  length  and  weight  is  only 
fixed  by  the  thickness  of  metal  requisite  to  insure  a  sound  casting,  it  is 
readily  seen  that  the  evil  effects  of  deflection  and  high  stresses  wliich  are 
so  universal  can  be  brought  within  perfectly  safe  limits,  and  as  the  cost 
of  these  would  be  considerably  within  that  of  a  good  forged  shaft,  they 
are  certainly  worthy  of  a  thorough  trial.  The  continued  use  of  solid  cast 
shafts  of  steel  on  other  machine  work,  with  satisfactory  results,  would 
lead  to  the  expectation  of  good  results  from  these. 

But  by  far  the  most  promising  in  the  way  of  a  hollow  steel  shaft, 
though  largely  more  expensive  than  the  above,  is  one  made  by  the  proc- 
ess of  Sir  Joseph  Whitworth  &  Co.  (Limited),  Manchester,  England.  In 
this  the  steel  is  subjected  to  a  heavy  hydraulic  pressure  immediately 
after  casting,  thus  securing  a  perfectly  sound  and  compressed  steel,  at 
the  same  time  enormously  increasing  its  strength,  the  tensile  breaking 
stress  reaching  as  liigh  as  196,000  pounds  per  square  inch.  The  piece  is 
then  forged  to  any  desired  shape  and  size  by  means  of  hydraulic  press- 
ure in  place  of  a  hammer.  A  hollow  shaft  is  there  forged  upon  a  man- 
drel, and  thus  worked  equally  well  upon  both  inside  and  outside,  and 
certainly  much  more  thoroughly  and  uniformly  than  is  possible  by 
means  of  any  hammers. 

A  hollow  shaft  can  undoubtedly  be  made  by  this  process  (they  are 
already  largely  in  use  upon  ocean  steamers)  that  will  be  thoroughly 
reliable,  and  much  lighter  than  those  now  in  use.  Their  high  first  cost 
is  against  them,  but  even  this  is  by  no  means  as  great  as  the  cost  of 
replacing  a  broken  shaft,  when  the  work  of  replacing  and  the  delay 
in  service  is  taken  into  consideration. 


1^ 


Combined  at-efs  at  i 


».?l,„ 


S    ^      DiaoK^teriDiDches         on 


Ciputed     deflection 
ddle.  In  iDcbea 


iililiiiiii  11111  illi 


iSSSSSgsggs   SSSSB   SgggS 


S  G  gj  BMett  oD  el 


ii-gg   sSpi  gjEgs 


So^ci»5--S95a£J     a   :!2   -SE    fflHttaS 


sssgassss  ss  i:3  :S  s.^gg 


Weight  of  vheel   without 


.tiiiiir 


is 


"t'^S.r^,om§«^$<c^    fcof^o    S=t,SI 


:S  ;_S5S?    "oono     tooSn^ 


26S_  ^  ASSOCIATION  0F„  RNmNKFRTNrt  soptt^ttt^^s 


5?       a 


"  T^  T'^  *">  ^  re  *ty  cr  ^-TC  1^ 


2  .«  J 


%!t 


1^  !x  ?c"V'  -^     1-  '^■  'o  •—  rr> 


. .  ri  JaaaJ 


^   ^   <T   <i   li  it 


a  I-  s  y 
b  ?  a>  § 


.  .albliiiu  JA  I     C;  ^'  a 


MILL  CREEK  SEWER.  26S 


MILL  CREEK  SEWER. 


By  William  Wise,  Member  of  the  Engineers'  Club  op  St.  Louis. 
[Read  February  4, 1885.] 


We  are  sometimes  reminded  by  publications  descriptive  of  large 
sewers,  of  claims  to  superiority  in  size,  which  remain  undisputed  until  a 
larger  is  heard  from.  For  instance,  in  describing  the  Deptford  sewer  in 
London,  Engineering  of  May  23,  1884,  referred  to  in  Engineering  News* 
has  the  following  ; 

"  This  piece  of  work  has  a  special  interest,  in  that  it  is  the  largest 
sewer  in  London,  and  probably  in  the  world,  being  11  feet  in  height  and 
13  feet  and  6  inches  wide,  and  lience  its  construction  marks  an  advance 
in  sanitary  matters."  The  length  is  given  as  3,039  feet.  While  duly  ap- 
preciating the  magnificence  of  this  admirable  work,  we  beg  to  present 
for  comparison  in  size  the  Mill  Creek  sewer,  of  St.  Louis. 

According  to  tradition,  the  name  of  Mill  Creek  is  derived  from  Chou- 
teau's mill,  which,  in  the  early  history  of  the  city,  was  situated  near 
Ninth  and  Poplar  streets,  with  a  dam  across  the  valley,  creating  a  pond 
called  Chouteau's  Pond,  somewhat  irregular  in  shape  and  width,  extend- 
ing w^estwardly  to  Twenty- second  street,  a  distance  of  a  little  more  than 
a  mile.  (See  accompanying  sketch).  This  pond  was  said  to  have  been  a 
beautiful  little  lake  so  long  as  it  remained  unpointed  by  the  contaminat- 
ing influence  resulting  from  encroaching  city  improvements.  Sugges- 
tions were  even  made  to  preserve  and  perpetuate  the  pond  by  enclosing 
it  in  a  park  to  be  established  for  that  purpose,  and  there  still  remain  with 
us  a  few  old  citizens  who  can  boast  of  the  sport  and  pleasure  it  afforded 
them  in  those  good  old  days.  In  due  course  of  time,  however,  as  a  con- 
sequence of  the  extension  of  the  built-up  city,  the  pond  became  a  recep- 
tacle of  filth,  and  in  1853  it  was  drained  and  the  creek  restored  to  its  orig- 
inal channel. 

Pojilar  Street  Sewer. — One  of  the  first  steps  taken  toward  the  sewer- 
age of  Mill  Creek  Valley,  made  necessary  by  the  threatening  condition 
of  the  Creek,  we  find  recorded  in  an  Ordinance  approved  July  27,  1850f , 
establishing  a  sewer  on  Poplar  street,  from  the  river  to  Ninth  street,  to 
be  20  /eet  wide  and  10  feet  high.  In  October,  the  same  year,  the  City 
Engineer,  Samuel  R.  Curtis,  in  his  report,  after  refering  to  the  progress 
of  Biddle  Street  Sewer,  then  in  course  of  construction,  says  : — t 

"  Another  large  sewer  should  be  constructed  to  drain  the  valley  of 
Mill  Creek,  including  the  pool  of  the  dam  known  as  Chouteau's  Pond." 
Then,  after  describing  the  filthy  condition  of  the  pond,  and  the  sanitary 
reasons  for  draining  the  same,  he  further  says  : — "  If  it  is  thought  neces- 
sary to  retain  the  mill  power  for  the  benefit  of  the  proprietors  of  the 
land,  this  can  be  effected  also.  A  double  sewer  may  be  constructed 
above  the  mill,  one  receiving  and  carrying  the  subterraneous  and  surface 
water  through  and  on  to  the  machinery  of  the  mill,  the  other  a  small  one, 

*  Engineering  News,  June  21,  1884.  t  Ord.  No.  2,485. 

t  City  Eng.  Report,  October,  1850. 
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should  be  constructed  below  this,  and  deep  enough  to  drain  the  adjacent 
ground  and  receive  the  offensive  sewage  of  this  portion  of  the  city. 
************  But  I  do  not  hesitate  to  say,  this 
will  be  the  first  application  to  mechanical  purposes  of  the  drainage  of  a 
city." 

In  1851  the  construction  of  Poplar  street  sewer  was  commenced,  and  a 
section  from  the  river  to  Main  street  was  completed  the  following  year, 
after  which  the  work  was  carried  on  simultaneously  from  Ninth  street, 
eastwardly,  and  from  Main  street,  westwardly.  But  judging  from  the 
reports  of  the  City  Engineer,  the  work  was  attended  with  difficulties  not 
easily  overcome.  A  troublesome  stratum  of  quicksand  was  encountered 
near  Second  street,  which  the  contractors  were  unable  to  successfully 
contend  with,  and  it  was  found  on  examination  by  borings  that  near 
Third  and  Fourth  streets  it  was  still  worse,  and  the  excavation  seemed 
so  precarious  that  it  was  considered  impracticable  to  construct  the  sewer 
without  great  risk  and  danger  of  undermining  the  buildings  along  the 
street.  The  character  of  tliis  formation  is  described  by  the  City  Engi- 
neer, Col.  J.  B.  Moulton,*  as  "  30^  feet  in  depth  of  quicksand  so  volatile 
that  when  in  boring  the  augur  reached  the  stratum,  it  penetrated  the 
mass  eight  feet  by  its  own  gravity."  This  is  given  as  a  reason  for  releas- 
ing the  contractors,  Messrs.  Shanks  &  Fox,  as  provided  by  Ordinance  No. 
3,408.  and  a  sewer  in  or  near  the  Mill  Creek  Channel  is  suggested,  utilizing 
the  old  culverts  at  the  street  crossings,  and  their  extension  through  por- 
tions of  the  blocks  between  Mam  and  Third  streets. 

The  following  year  (1856)  the  City  Engineer,  Henry  Kayser,  proposed 
to  overcome  the  difficulties  on  Poplar  street  by  first  constructing  a  small 
sewer  3|x5  feet,  with  open  cross-joints,  with  a  view  of  draining  the 
water  from  the  sand,  after  which  it  would  be  practicable  to  construct 
the  sewer  full  size.f  Proposals  were  invited  and  bids  received  for  this 
sewer  of  reduced  size,  ranging  from  $14  to  $83  per  linear  foot,  but  nothing 
seems  to  have  been  accomplished  by  this  plan.  Experiments  were  sub- 
sequently made  by  various  parties  at  their  own  expense. 

One  of  the  methods  tried  is  described  by  the  City  Engineer.  Henry 
Kayser,  as  follows  :  "He  (the  contractor)  has  sunk  by  means  of  a  shaft  a 
strong  boiler-iron  tube,  oval  shape,  about  6  feet  long,  which  he  expects 
to  move  forward  by  means  of  hydraulic  pressure,  or  screws,  and  under 
the  protection  of  and  within  which  the  tunnel  excavation  and  building 
of  sewer  is  to  be  carried  on.":]:  After  experimenting  in  various  ways 
unsuccessfully,  and  at  an  expenditure  of  about  $60,000,  the  work  was 
finally  abandoned  in  1857,  leaving  a  gap  between  the  two  sections  of 
about  1,165  feet. 

In  reference  to  the  size  and  capacity  of  the  Poplar  street  sewer,  we  find 
in  the  ordinance  above  cited  that  "  it  shall  be  20  feet  wide  and  10  feet 
high."  (Rather  odd  shape.)  And  the  City  Engineer,  Col.  Samuel  R. 
Curtis,  with  a  view  io  determine  the  requisite  size,  refers  to  the  old  cul- 
vert across  Seventh  street  as  having  a  sectional  area  of  200  square  feet, 
and  "  receiving  and  discharging  the  water  during  the  heaviest  storms 

*  Report  of  City  Eng.,  Oct.,  1855.  t  Report  of  City  Eag.,  Oct.,  1856. 

+  Report  of  City  Engr  ,  May,  1857. 
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with  only  a  slight  head  ;"  aud  suggests,  "  as  this  is  no  more  than  suffi- 
cient, it  gives  us  a  minimum  size  below  which  we  cannot  go."* 

It  would  appear  that  this  important  feature  was  at  this  time  duly  con- 
sidered, resulting,  however,  in  the  adoption  of  a  size  somewhat  less  than 
the  above  recommendations  would  warrant  (see  Fig  3).  This  size  (15  feet 
diameter)  was  carried  out  in  the  construction  of  the  section  from  Ninth 
street  eastwardly,  and  from  the  river  to  near  Main  street,  but  for  some 
unaccountable  reason  it  was  reduced  to  Hi  X  13A  from  Main  street  to 
Second  street. 

The  eastern  section  has  since  been  utilized  as  an  outlet  for  the  sewer- 
age of  the  district  lying  between  Main  and  Fifth  streets,  from  Plum  to 
Walnut  street,  embracing  an  area  of  about  60  acres. 

Granting  the  practicability  with  the  aid  of  modern  improved  appli- 
ances, the  Poplar  street  sewer  might  ])Ossibly,  in  the  distant  future,  be 
made  to  serve  as  an  auxiliary  to  Mill  Creek  sewer  by  completing  and  ex- 
tending it  westwardly  to  Twentieth  street,  so  as  to  intercept  the  drain- 
age of  Camps2>ring  sewer,  and  the  intermediates  on  Eighth.  Ninth,  and 
Twelfth  streets,  relieving  Mill  Creek  sewer  of  a  drainage  area  of  about 
1,000  acres.  If  this  should  ever  become  necessary,  as  it  is  deemed  probable 
that  the  capacitj^  of  the  sewer  may  be  insufficient  when  the  entire 
water-shed  is  builc  up. 

If  tlie  sewer  on  the  Poplar  street  route  had  been  successfully  carried 
through,  and  made  the  proper  size,  a  distance  of  about  800  feet  would 
have  been  gained,  with  a  straighter  sewer,  but  even  if  this  had  been  ac- 
complished, a  comparison  with  the  route  adopted  for  Mill  Creek  sewer, 
considering  all  the  difficulties  to  be  encountered  on  the  former,  would 
result  in  favor  of  the  circuitous  route  through  the  valley  of  the  natural 
channel. 

Establishing  Mill  Creek  Sewer. — The  abandonment  of  the  Poplar 
street  sewer  project  in  1857.  left  the  question  of  the  sewerage  of  Mill 
Creek  Valley,  to  be  started  on  a  new  base,  and  after  a  brief  halt  we  find 
the  first  substantial  move  in  an  ordinance  approved  March  10,  1860, f 
"  establishing  and  re-establishing  all  public  sewers  throughout  the  city, 
as  far  as  streets  are  laid  out."  This  ordinance  located  Mill  Creek  sewer 
on  Chouteau  avenue,  from  the  river  west  wardly  to  its  intersection  with  Mill 
Creek  at  Sixth  street,  thence  westwardly  as  nearly  as  practicable  along 
the  creek  ;  the  first  part  on  Chouteau  avenue  being  subsequently 
changed  to  Sycamore  street  (now  Lisalle  street)  one  block  south  of 
Chouteau  avenue,  and  the  t-ewer  as  finally  constructed  follows  this  route, 
meeting  Cerre  street  between  Sixth  and  Seventh  streets,  thence  west- 
wardly on  Cerre  street  to  Tenth  street,  and  diagonally  across  the  blocks  to 
Gratiot  near  Twelfth  street,  on  Gratiot  to  Fourteenth  street,  and  along  the 
south  side  of  the  Missouri  Pacific  Railroad  to  the  creek  west  of  Eighteenth 
street,  thence  diagonally  across  the  blocks  to  Lasalle  street  near  Missouri 
avenue,  on  Lasalle,  to  Joab  street,  thence  diagonally  across  to  Compton 
avenue  and  Gratiot  street,  and  along  the  south  side  of  the  Missoui'i  Pacific 
Railroad,  and  on  Atlantic  street  to  Prospect  avenue,  thence  crossing  the 
Missouri  Pacific  Railroad  and  the  St.  Louis  &  San  Francisco  Railroad  to 

*  Report  of  City  Engr.,  May.  1851.  t  Ord.  No.  4621. 
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Cabenne  avenue,  and  along  the  south  side  of  the  Wabash,  St.  Louis  & 
Pacific  Railroad  to  Vandewater  avenue.  The  extension  will  be  in  a 
northwesterly  direction  to  Newhouse  and  Easton  avenues. 

Drainage  Area. — The  sewer  is  designed  to  drain  a  portion  of  the  city, 
embracing  about  6,400  acres,  or  ten  square  miles,  the  watershed  of  which 
diverges  from  a  comparatively  narrow  space  near  the  i-iver,  to  a  width 
of  about  4^  miles  in  the  western  part,  where  it  reaches  beyond  Easton 
Avenue  on  the  north,  to  beyond  Arsenal  street  on  the  south,  bounded  on 
the  west  by  the  ridge  near  Taylor  Avenue  and  King's  Highway  (as  shown 
on  the  accompanying  sketch.*  About  one-third  of  this  area  is  built  up, 
and  the  improvement  of  the  remaining  portion  maybe  considered  as  only 
a  question  of  time.  In  addition  to  this  territory,  which  is  the  natural 
watershed,  and  for  which  the  sewer  is  intended  to  carry  the  combined 
storm  water  and  sewage,  it  is  contemplated  to  extend  a  branch  west- 
wardly  across  the  dividing  ridge,  to  intercept  the  house  drainage  of  a 
large  district  otherwise  tributary  to  the  River  Des  Peres,  threatening  to 
endanger  the  sanitary  condition  of  that  stream — one  of  the  embellish- 
ments of  Forrest  Park. 
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Length  and  Dimensions. — The  finished  portion  of  the  sewer  is  about 
3i  miles  long.  The  main  stem  to  Vandeventer  avenue  will  be  nearly  3| 
miles,  and  the  northwest  extension  will  add  about  2i  miles,  making  the 
total  length  when  completed  to  Newhouse  and  Easton  avenue,  a  little 
over  6  miles.  Beyond  this  the  still  fiu'ther  extension  will  probably  be 
made  and  classified  as  a  district  sewer. 

The  outlet  at  the  river  is  divided  into  a  double  sewer,  each  15  feet  wide 

by  10  feet  high,  so  as  to  keep  the  crown  of  the  ai-ch  under  the  surface  of 

the  wharf,  and  shorten  the  open  channel  from  the  mouth  of  the  sewer  to 

the  river  (as  shown  by  Fig.  1). 

The  lengjtla  of  this  section  is 70  feet 

From  this  outlet  section  the  sewer  is  20  feet  wide  by  Iti  feet  high,  a  distance 

of .575  " 

ThfDce  20  feet  wide  by  151^  high 797  " 

Thence  20  feet  wide  by  15  high 14,947  " 

Making  the  total  length  of  sewer  20  feet  wide 16.389  feet 

Or  3  1-10  miles. 

The  section  now  under  construction  from  Theresa  avenue  to  Prospect 

*  The  sketch  is  made  on  a  section  of  a  city  map  prepared  by  Robert  Moore,  C.  E. ,  ac- 
compauving  his  paper  on  Public  Sewerage  and  House  Drainage,  read  before  the  Ameri- 
can Health  Association,  October.  1884. 
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avenue,  851  feet  of  which  is  completed,  is  18  feet  wide  by  15  feet  high 
(as  shown  bv  Fis.  8),  and  this  size  will  be  continued  to  Vandeventer 
avenue,  a  further  distance  of  about  2.460  feet,  making  the  main  stem 
19  700  feet,  or  nearlv  3f  miles,  as  above  stated.  From  this  point,  where 
a  large  branch  sewer  from  the  south,  will  connect,  nearly  equal  to  the 
oontSiuation  of  the  main  sewer,  the  size  will  be  diminished  to  about  12 
by  14  feet,  with  further  proportional  decrease,  as  the  limit  of  dramage  is 

approached.  .     ,.     ^     -     i  i 

Qrade  —The  bottom  of  the  sewer  at  the  outlet  is  5^  feet  above  low- 
water  mark,  and  the  inclination,  or  grade,  is  U  feet  per  100  in  the  first 
300  feet  1}  per  100  for  the  next  370  feet,  thence  it  varies  from  1  per  100 
to  a  minimum  of  1  per  1,000,  falling  in  the  first  three  miles  just  50  feet 
of  which  the  first  mile  falls  28  feet,  the  second  13  feet,  and  the  third  9 
feet.  The  grade  on  the  section  now  under  construction  is  li  per  1,000, 
which  will  be  continued  to  Vandeventer  avenue  :  and  the  fall  in  the 
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fourth  mile  will  be  about  the  same  as  that  of  the  third  (9  feet.)  The  fifth 
mile  will  fall  about  16  feet,  and  the  sixth  about  31  feet,  making  the  entire 
fall  in  six  miles  106  feet.  . 

Construction  Commenced. -T\xe  first  contract  for  construction  was  let 
July  24  1860,  and  the  work  was  commenced  the  following  month  on 
the  section  from  the  south  side  of  Chouteau  avenue  and  Sixth  street  to  a 
point  west  of  Seventh  on  Cerre  street.  The  location  of  this  section  was 
nearly  all  the  way  in  or  near  the  old  Creek  Channel,  and  crossed  the 
streets  at  the  old  culverts  under  Chouteau  avenue,  Fapin  street  and 
Gratiot  street,  at  depths  respectively  of  29*,  34,  and  36i  feet  below  the 
street  surface,  this  being  one  of  the  two  places  where  a  defective  founda- 
tion, under  a  too  heavy  weight,  subsequently  caused  the  work  to  settle 
and  break,  necessitating  reconstruction.  The  old  culverts  havmg 
served  many  years,  and  still  apparently  in  good  condition,  may  have 
had  some  influence  in  determining  the  sectional  plan  of  the  sewer.  They 
were  made  of  stone  masonry   on  timber  foundation,   and  when  taken 
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up,  the  timber  was  found  in  a  perfect  state  of  preservation,  and  was  again 
used  in  the  bottom  for  the  sewer.  Fig.  4  shows  the  section  for  this  por- 
tion of  the  sewer,  the  form  of  the  interior  being  the  same  for  the  first 
three  miles  up  to  Ranken  avenue,  but  the  thickness  of  the  walls  and  bot- 
tom timber  varies  with  the  different  sections,  the  timber  being  9 
inches  thick  in  the  sections  first  made  between  Sixth  and  Twelfth  streets, 
and  12  inches  thick  in  all  the  other  portion  where  timber  was  used.  The 
arch  is  uniformly  two  feet  thick,  where  it  is  made  of  stone,  which  is 
from  the  river  to  Compton  avenue.  From  this  point  westwardly  the 
sewer  has  a  brick  arch  23  inches  thick.  The  side  walls  at  the  spring- 
line  of  the  arch  are  3^  feet  thick  from  Sixth  to  Twelfth  sti-eet,  and  3|  to 
4  feet  on  all  the  other  part  of  the  sewer  up  to  Theresa  avenue. 

Excavation. — The  character  of  the  excavation  is  mostly  through 
alluvial  formation,  the  sewer  resting  on  a  foundation  of  stiff  blue  clay, 
except  where  the  location  is  a  considerable  distance  from  the  creek, 
when  rock  was  encountered,  with  overlaying  red  clay.  From  the  river 
across  the  wharf  the  excavation  was  through  filled  ground,  with  soft  mud 
foundation.  The  sewer  through  this,  as  also  a  short  portion  between  Main 
and  Second  streets,  was  set  on  piles.  The  rock  excavation  is  from  Second 
street  to  a  point  near  Third  street,  a  distance  of  about  300  feet,  from  a 
point  between  Seventh  and  Eighth  streets,  to  Tenth  street,  750  feet,  and 
from  Sixteenth  street  to  the  creek  west  of  Eighteenth  street,  1150  feet, 
aggregating  a  distance  of  2200  feet.  The  depth  of  excavation  was  from 
two  feet  to  36  feet,  and  averaged  about  17^  feet,  but,  since  filling  up  to 
grade,  the  depth  of  the  sewer  is  from  19  to  36  feet,  averaging  about  25^ 
feet.  The  least  depth  of  filling  on  top  of  the  arch  is  two  feet,  and  the 
greatest  is  19  feet.* 

Stone. — The  stone,  when  the  work  was  first  commenced,  was  taken 
from  the  limestone  quarries  in  and  near  the  city,  but  about  this  time  the 
Grafton  quarries,  near  the  mouth  of  the  Illinois  River,  were  opened,  and 
the  superiority  of  this  stonef  on  account  of  its  uniform  straight  and 
smooth  beds,  and  ledges  of  any  desirable  thickness,  and  easily  cut,  soon 
gained  for  it  such  a  reputation  that  it  was  generally  selected  for  most  of 
the  heavy  masonry  in  and  about  the  city,  and  very  little  other  stone  has 
since  been  used  for  the  sewer,  except  the  portion  from  Jefferson  avenue 
to  Joab  street,  about  1,954  feet  in  length,  for  which  the  stone  was 
brought  from  the  Eureka  quarrries  on  the  Missouri  Pacific  Railroad, 
ab  )ut  30  miles  from  the  city.  In  a  few  sections,  however,  the  haunching 
of  the  arch  is  of  stone  from  the  city  quarries. 

Cement. — The  cement  for  the  entire  work  is  of  the  Louisville  brands, 
excepting  the  section  under  the  first  and  part  of  the  second  contracts, 
where  the  Utica  cement  was  used.  Since  1876  all  the  cement  used  has 
been  tested  with  a  Fairbanks  machine.  The  tensile  strength  required  is 
40  pounds  per  square  inch,  neat  cement,  when  30  minutes  in  air,  and 
24  hours  in  water,  but  the  actual  breaking  strain  of  all  used  has  averaged 
about  70  pounds.  The  mortar  is  composed  of  one  part  cement  to  two 
parts  sand;  the  sand  was  procured  by  dredging  and  from  the  bars  in  the 
Mississippi  River. 

*  See  accompanying  profile.  t  Magnesian  limestone. 
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Timber  -The  fouudatioD,  or  bottom  timber,  is  mostly  cottonwood  up 
to  Compton  avem^e,  and  yellow  pine  from  Compton  to  Ra.ken  avenue^ 
the  end  of  the  timber  bottom.  The  experience  with  timber  bottom 
K^thouU  no  defects  are  found  in  any  portion  of  the  sewer  where  the 
tmberts  12  inches  thick),  has  resulted  in  a  change  of  -ctio-  form  for 
he  extension  of  the  sewer  west  of  Ranken  avenue  similar  to  that  recon- 
stmcted  with  inverted  cut  stone  arch   on  concrete  foundation,  as  repre- 

''ifjuCTsSO,  a  portion  of  the  sewer  about  263  feet  long  from 
Twelfth  street  eastwardly,  and  222  feet  long  from  Papm  stree 
northwardly,  settled,  breaking  the  timber  bottom  and  masonry  to  such 
an  extent  that  it  had  to  be  taken  up  and  rebuilt.  The  cause  of  this 
failure  is  very  elaborately  described  by  the  Sewer  Commissioner  Mr 
RobertMoore;  in  his  Annual  Report  of  April,  1881,  and  is  attributed  to 
a  defective  foundation,  insutHcient  to  sustain  the  weight  of  the  heavy 
embankment,  which  at  these  points  is  about  36  feet,  measuring  from 
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the  sewer  grade,  or  19  feet  on  top  of  the  arch.  The  bottom  of  the  sewer 
a  both  places  was  made  of  9  inch  timber,  reaching  across  the  sewer  and 
under  the  sidewalks,  resting  on  a  longitudinal  base  course  of  the  same 
thickness,  under  the  walls.  The  location  here  is  in  and  along  the  creek^ 
bed,  and  the  timber  was  laid  on  the  alluvial  formation,  which  is  a  st^ 
blu  clay,  and  might  have  answered  the  purpose  if  t^^^/-^-  f ^^^^  ^^ 
of  sufficient  thickness,  as  it  has  proved  so  elsewhere  under  similar  condi- 
tions with  this  exception.  It  may  also  be  said  that  where  the  embank- 
ment is  comparatively  light,  as  on  Cerre  street,  at  and  neai  Seven  h 
street,  the  sewer  on  9  inch  timber  is  in  perfectly  good  condition  Foitu- 
nately  but  little  remains  from  which  any  trouble  may  be  apprehended. 

The  reconstructed  sewer  is  set  on  piles  with  12  inch  timber  bottom 
the  sectional  form  being  the  same  as  originally,    f  ^^/^.'^^'^  °^  ,^,^^^ 
sections,  as  far  as  any  disturbance  of  the  walls  or  foundation  could  be 
observed,  the  timber  bottom  was  cut  out,  and  an  inverted  arch  of  cut 
stone  18  inches  deep,  on  a  bed  of  concrete  12  inches  thick,  was  inserted, 
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(as  shown  by  Fig.  5).  Five  hundred  and  eight  linear  feet  was  treated  in 
this  way,  and  it  was  at  one  time  considered  advisable  to  continue  the  same 
until  all  the  9  inch  timber  bottom  was  thus  substituted.  Accordingly  a 
section  from  the  rock  bottom  at  Tenth  street,  westwardly  to  that  already 
done  near  Twelfth  street,  a  distance  of  617  feet,  was  put  under  contract 
and  is  now  nearly  completed.  This  will  leave  about  1000  feet  of  9  inch 
timber  bottom,  but  most  of  it  (as  above  stated),  is  under  a  comparatively 
light  weight,  and  will  probably  need  no  further  attention. 

The  cost  of  this  work  for  the  section  now  being  done  is  $25.95  per 
linear  foot,  and  the  average  cost  of  that  previously  done  is  about  $32.40 
per  linear  foot. 

An  accident,  resulting  from  the  repairs  mentioned,  was  caused  by 
large  timbers,  used  for  props  and  shoring,  together  with  fragments  of 
the  old  bottom  timber  cut  out,  and  being  exposed  to  sudden  showers. 
was  washed  down  the  sewer  and  lodged  against  the  dividing  pier  at  the 
outlet,  creating  a  dam  and  choking  the  sewer,  so  that  a  heavy  rain-storm 
lifted  a  portion  of  the  arch  where  it  had  but  very  little  covering*  and 
overflowed  the  low  ground  in  the  vicinity  of  Second  street  on  Convent, 
and  Rutgers  streets,  where  the  street  surface  is  from  tlu-ee  to  five  feet 
lower  than  the  surrounding  grades,  forming  a  basin,  the  drainage  of 
which  is  entirely  dependent  on  the  sewers. 

This  unfortunate  occurrence  could  happen  only  from  a  chain  of  cir- 
cumstances not  likely  to  be  repeated.  While  the  work  of  repairing,  fur- 
nished the  materials  grasped  by  the  storms,  the  unusual  long-continued 
stage  of  high  water  in  the  Mississippi  River  completely  submerged  the 
mouth  of  the  sewer  so  as  to  be  inaccessible  for  inspection,  and  the  hid- 
den danger  remained  undiscovered  until  too  late. 

No  engineering  difficulties  worthy  of  note  were  encountered  in  any  part 
of  the  work,  and  nothing  occurred  in  its  progress,  requiring  any  but  the 
ordinary  methods.  No  attempt  has  been  made  by  any  of  the  contractors, 
to  use  modern  improved  excavating  machinery,  such  as  has  been  suc- 
cessfully applied  elsewhere,  the  stean»  derrick  being  the  principal 
instrument  for  handling  all  materials  in  excavation  and  masonry. 

The  crossing  of  water  pipes  and  gas  pipes  generally  required  careful  prop- 
ping. In  some  cases  the  pipes  were  taken  out  for  the  time  being,  but  this 
could  only  be  done  where  it  did  not  interfere  too  much  with  the  supply. 
One  case  may  be  given  for  example,  although  not  applicable  to  some 
others  much  more  difficult  :  On  the  section  now  under  construction  on 
Grand  avenue  a  30  inch  main  pipe  through  which  the  water  is  forced 
from  the  pumping  works  at  Bissells  Point,  to  Compton  Hill  Reservoir,  is 
laid  in  an  embankment  about  8  feet  below  the  surface  and  3  feet  above 
the  top  of  the  sewer.  Before  reaching  the  pipe  with  the  work,  a  section 
of  the  sewer  15  feet  long,  was  first  constructed  immediately  under  the 
pipe,  which  was  supported  by  timbei-s  resting  on  the  banks  at  each  end  of 
the  excavation.  On  this  short  section  the  pipe  was  permanently  sup- 
ported, and  the  work  proceeded  without^further  hindrance. 

Constant  vigilance  was  required  by   the  contractors  to  guard  against 
rain  storms.     The  creek  channel,  in   many  places  where  it   crossed  the 
sewer  route,  could  not  be  diverted,  and  conduits  would  answer  only  for 
*  The  covering  on  the  atch  at  this  point,  is  the  minimum  of  two  feet. 
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the  dry  weathei"  tiovv,  so  that  the  storms  would  sometimes  wash  away 
portions  of  the  work,  leaving  deposits  of  mud  and  filth,  and  causing  con- 
siderable damage  to  the  work.  The  latest  accident  of  this  kind  happened 
on  the  26th  September  last,  on  the  section  now  in  progress  just  east  of 
Grand  avenue  ;  about  2o  feet  of  the  arch  was  washed  away,  and  the  sewer, 
which  is  not  yet  connected  with  the  finished  work,  was  filled  with  mud 
aad  vvater,  causing  some  delay  and  unpleasantness. 

The  progress  of  constructio'i.  since  the  beginning  in  1860,  has  been 
almost  without  interruption  up  to  the  present  time,  with  the  exception 
of  about  4  years  from  October,  1879,  to  October,  1883. 

Right  of  Way. — The  cause  of  this  delay  wa?  partly  from  the  lack  of 
funds,  the  proceeds  of  the  bonds  issue  1  for  this  work  having  been 
ex  iau4ei.  but  the  principal  caus3  was  on  account  of  the  delay  in 
procuring  the  right  of  way  through  private  ground.  Up  to  this  point 
the  right  of  way  was  acquired  with  but  little  expense  and  without  much 
trouble,  tie  only  spot  that  appeared  somewhat  costly  was  between 
Sixteenth  street  and  Eig'.it3en;;h  street,  where  a  clay-pipe  factory  was 
in  the  way,  which  cost  the  city  !|15,000. 

From  the  wnarf  to  Fourth  stre-'t,  a  distance  of  1,720  feet,  the  co'^t  for  ri?ht 

of  way  was ^. . .    $3,934.70 

From  Fourteenth  street  to  the  railroad  bridge  west  of  Eighteenth  street, 

including  pipe  factory,  a  distance  of  1,4.30  feet 22,386.36 

From  railroad  bridge  aforesaid  to  Lasalle's,  near  Missouri  avenue,  a  distance 

of  2,060  feet 1.00 

From  Joab  street  to  Gratiot  street  west  of  Comptoa  avenue  a  distance   of 

l,340feet  .'   1.00 

From  Rankea  avenue  to  Theresa  avenue,  a  distance  of  497  feet 750.00 


Making  the  total  cost  for  right  of  way  up  to  Theresa  .^ venue $26,973.06 

The  greatest  obstacles  in  procuring  the  right  of  way  were  mostly  found 
where  least  anticipated,  and  where  the  value  of  the  property  is  largely 
dependent  on  the  construction  of  the  sewer.  For  instance,  on  the  sec- 
tion now  in  progress  from  Theresa  avenue  westerly  a  distance  of  about 
410  feet,  the  sewer  is  located  on  Atlantic  street,  along  the  south  side  of 
the  Missouri  Pacific  Railroad.  The  street  not  having  been  dedicated  to 
public  use  (though  used  as  such),  the  owners  of  the  lots  fronting  on  the 
south  side  obtained  the  sum  of  $4,500  and  the  guarantee  of  a  substantial 
and  unobstructed  plank  road  along  the  sewer  to  a  slaughter-house  on 
one  of  the  lots,  the  vast  benefits  to  be  derived  on  account  of  the 
construction  of  the  sewer  being  entirely  ignored.  A  section  from  the 
west  end  of  the  work  under  construction  on  Prospect  avenue,  a  distance 
of  about  1,080  feet,  has  been  opened  at  a  cost  of  $2,463,  and  the  remainder 
of  the  route  to  Vandeventer  avenue  is  in  process  of  opening,  so  that  no 
further  delay  in  carrying  the  work  to  completion  is  apprehended  on  this 
account. 

Cost. — The  cost  of  the  sewer  may  be  estimated  about  as  follows  : 

For  the  completed  work  up  to  the  present  time,  including  maintenance 

and  repairs $1,390,558.19 

For  cost  of  right  of  way  procured 33.936.06 

Estimated  cost  of  right  of  way  yet  to  be  obtained 3,000.00 

Estimated  cost  to  complete  the  work  under  contract 31,000.00 

Estimate  for  remainder  of  the  main  stem  to  Vandeventer  avenue  100,000.00 

Estimate  for  extension  from   Vandeventer    to  Newhouse  and    Easi:on 

avenues 230,000.00 

Making  the  entire  cost  of  the  sewer  when  completed $1,788,494.25 
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The  quantities  of  the  principal  items  of  the  work  done  up  to  the  pres- 
ent time  are  about  as  follows  ; 


Earl  h  excavated. 


Rock  excavated. 
Stone  masonry.. 
Brick  masonry.. 

Concrete 

Timber 

PUiug 


Quantities. 


450,000  cubic  yds. 


26,000      " 
92,360      '• 

5.550      " 

2.000      " 
:,2'32.000  feet  B.  M. 
60,000  lineal  feet. 


From  21.77c.  to  04c.  p-'r  cubic  yd. 
Excepting  3,895  cubic  yds.,  which 

cost  at  the  rate  of  $1  99^  per 

cubic  yd. 
From  0  to  $2,571^  per  cubic  yd. 
From  $4.25  to  $14.67  per  cubic  yd. 
From  $4.20  to  $11.00  per  cubic  yd. 


From  $18.00  to  $32.50  per  M. 
From  52c.  to  60c.  per  fc. 


Average 
prices. 


53J4  cts. 


60  cts. 
$9.09 
6.67V6  cts. 
5.00 
24.06 
56  cts. 


Funds. — The  funds  for  construction  were  provided,  first  from  the 
general  revenue,  until  an  act  was  passed  by  the  General  Assembly,  ap- 
proval Feb.  20th,  1868,  authorizing  the  issue  of  bonds  to  the  amount  of 
one  and  a  half  million  dollars  to  aid  in  the  construction  of  public  sewers, 
of  which  the  proceeds  of  .$900,000  was  applied  to  Mill  Creek  Sewer,  and 
the  remainder  to  Rocky-Branch  Sewer,  Arsenal  street  sewer.  Southern 
Sewer  and  branches.  This  carried  the  work  up  to  Ranken  avenue,  since 
which  the  funds  are  again  derived  from  the  general  revenue.* 

The  extension  of  the  sewer  will  meet  with  no  serious  difficulties  after 
the  next  section  from  Prospect  avenue  to  Cabanne  avenue  is  passed,  but 
the  construction  of  this  section  will  be  somewhat  troublesome  on  account 
of  the  railroad  tracks  of  the  Missouri  Pacific  and  the  St.  Louis  &  San 
Francisco  railroads  crossing  at  this  point. 

We  may  hope  that  the  necessary  funds  may  be  ajjpropriated  to  com- 
plete the  main  stem  to  Vandeventer  avenue  the  coming  season,  as  it  is  a 
matter  of  absolute  necessity  to  afford  an  outlet  for  the  drainage  of  the 
western  portion  of  the  city,  which  is  being  built  up  very  rapidly.  And 
the  changes  of  scenery  from  rural  to  urban,  although  characteristically 
unlike,  tend  to  revive  our  memory  of  the  region  referred  to  about 
Chauteau's  Pond.  If  some  romantic  old  citizen,  who,  in  his  boyhood 
ramblings,  enjoyed  the  rustic  scenes  of  the  old  creek  in  its  pristine  glory, 

*  The  work  was  planned  and  executed  under  the  supervision  of  the  City  Engineer,  and 
in  charge  of  the  Superintendent  of  Sewers  from  the  beginning,  in  1860,  up  to  1877,  when 
these  offices  were  abolished  by  the  new  scheme  and  charter,  since  which  time  it  has 
been  under  the  jurisdiction  of  the  Board  of  Public  Improvements,  and  under  the  super- 
vision of  the  Sewer  Commissioner  and  his  assistants. 

The  terms  of  these  officers  were  as  follows  : 

1860  to  1867,  T.  J.  Homer,  City  Engineer:  Wm.  Wise,  Superintenient  of  Sewers, 
and  M.  C.  Little,  Assistant  Superintendent. 

1867  to  187J,  F.  Bischoff,  City  Engineer  ;  Wm.  Wise,  Superintendent  of  Sewers. 

1871  to  1875,  J.  B.  Moulton,  City  Engineer  ;  Wm.  Wise,  Superintendent  of  Sewers. 

1875  to  1876,  Walter  Katt6,  City  Engineer  ;  Wm.  Wise,  Superintendent  of  Sewers. 

1876  to  1877,  Chas.  Pfeifer,  City  Engineer;  Wm.  Wise,  Superintendent  of  Sewers. 

1877  to  1881,  Robert  Moore,  Sewer  Commissioner  ;  Wm.  Wise,  Assistant  Sewer  Com- 
missioner, and  Julius  Moulton.  Engineer. 

1881  to  1883,  Wm.  Wise,  Sewer  Commissioner  ;  Julius  Moult  )n.  Assistant  Sewer  Com- 
missioner, and  H.  L.  Burnet,  Engineer. 

Since  1883,  R.  E.  McMath,  Sewer  Commissioner  ;  Wm.  Wise,  Assistant  Sewer  Com- 
missioner, and  H.  L.  Burnet,  Engineer. 
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should  now  look  for  some  token  of  its  remains,  he  would  find  the  place 
covered  with  railroad  tracks,  depot  buildings  and  other  modern  improve- 
ments ;  and  in  his  wanderings  would  be  reminded  of  the  old  familiar 

song  : 

"  The  old  mill  has  gODe  to  decay, 
And  the  little  babbbng  brook  is  now  dry." 

But  the  brook  still  lives,  though  hidden  from  view  and  buried  beneath 
the  traffic  of  the  busj'^  world.  We  may  imagine  a  triumphant  response 
from  its  subterranean  prison,  in  the  language  of  the  poet — 

"  Men  may  come  and  men  may  go, 
But  I  go  on  forever." 


ON  A  CASE  OF  THE  RAPID  EXTERIOR  CORROSION  OF  AN  IRON 

WATER-MAIN. 


By  Philip  D.  Borden.  Jr.,  and  Wm.  Ripley  Nichols,  Members  of  the  Boston  Society 

OF  Civil  Engineers. 
[Read  April  15.  1885.1 


I.    STATEMENT   OF   THE   CASE,    BY   MR.    BORDEN. 

During  the  Summer  of  1884,  unmistakable  signs  of  a  leak  presented 
themselves  on  the  line  of  a  six-inch  main  on  the  premises  of  the  Fall 
River  Iron  Works,  situated  upon  the  shore  of  Mount  Hope  Bay,  where 
the  pressure  upon  the  main  was  one  hundred  and  twenty  pounds  per 
square  inch. 

On  uncovering  the  pipe  it  vvas  found  that  a  change  had  taken  place  in 
the  material  of  which  it  had  been  composed.  The  pipe  was  soft,  being 
easily  cut  with  a  knife  ;  w-as  smooth  and  greasy,  having  the  appearance 
of  plumbago.  Investigation  proved  that  six  pipes,  or  seventy-two  feet, 
had  been  more  or  less  affected.  In  some  places  the  change  extended 
nearly  through  the  pipe,  while  at  others,  but  a  short  distance  from  the 
first,  the  change  was  much  less  marked.  The  inner  side  of  the  pipe  was 
perfect  as  when  laid,  the  coating  of  "coal-tar  varnish"  remaining  intact. 
The  pipe  had  been  in  the  ground  about  nine  years. 

Follo^\4ng  is  a  section  of  the  specifications  relating  to  the  quality  of 
material  of  which  the  pipe  should  be  composed,  and  there  has  never  been 
any  reason  to  suppose  the  pipe  was  not  up  to  the  standard  as  called  for. 
Quality  of  Metal— The  metal  shall  be  strong,  tough  and  close-grained, 
with  the  carJjon  combined  and  not  in  the  form  of  graphite,  and  as  hard 
as  the  case  will  admit,  but  not  too  hard  to  be  readily  cut  and  drilled,  and 
shall  be  remelted  from  pigs  of  gray  iron  in  a  cupola  or  air-furnace,  with- 
out any  admixture  of  cinder  iron  or  other  inferior  metal,  and  shall  have 
a  tensile  strength  of  at  least  16,000  pounds  per  square  inch." 

The  accompanying  section  of  the  pipe  will  give  an  idea  of  the  condition 
in  which  it  was  found,  no  two  sections  however  would  show  the  same 
amount  of  change,  while  it  can  readily  be  seen  that  it  has  not  been  the 
same  on  all  sides  of  the  pipe,  nor  has  the  change  followed  any  rule  as  to 
position.  In  some  places  it  was  most  on  the  top  of  the  pipe,  as  it  lay  in 
the  ground,  in  others  on  one  side,  again  on  the  other  side,  and  in  other 
places  on  the  bottom. 

Although   the  outside   of  the  pipe  was  soft  when  taken  out  of  the 
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fj;round,  it  has  since  become  quite 
hard .  On  the  premises  of  the  Iron 
Works  there  are  about  800  feet  of 
pipe  made  and  laid  apparently 
under  the  same  circumstances 
and  subject  to  the  same  condi- 
tions, yet  only  this  piece  has  un- 
dergone the  change. 

A  sluice-way  forming  an  outlet 
from  Crab  Pond  to  Mount  Hope 
Bay  is  shown  by  dotted  lines,  as  is 
one  from  works  of  the  American 
Printing  Company,  through  which 
are  discharged  the  spent  liquors 
from    that    establishment.     Here 
may  appear  to  be  an  explanation 
of  the  whole  matter,  but  on  ex- 
amining the  plan  and  noting  that 
the  pipe  was  taken  out  between  the  points  A  and  B,  neither  of  which 
is  within  one  hundred  feet  of  the  sluice-way,  while  the  pipe  over  the 
sluice-way  is  intact,  it  seems  as  if  some  other  cause  would  have  to  be 

found. 

At  the  northwesterly  corner  of  the  nail  mill  i?  a  pomt  used  tor  at 
least  twenty-five  years  by  a  large  number  of  men  as  a  urinal.  At  tirst 
it  seemed  probable  that  this  might  have  had  some  effect  upon  the  pipe, 
but  it  is  found  that  a  hydrant  within  five  feet  of  tbe  said  corner  was 
not  affected.     This  leads  us  to  suspect  this  is  not  the  cause  sought  for. 

When  the  wharf  was  built  the  wall  was  laid  up  and  a  portion  back  of 
it  (shown  by  dotted  lines  on  the  plan)  was  not  filled  for  several  years. 
Into  this  pond  hole  the  drip  from  the  rolls  of  the  iron  works  and  the 
drainage  from  the  wheel  pit  of  the  engine  was  discharged  until  the  hole 
was  filled  up  and  even  now  it  is  a  question  if  it  is  not  allowed  to  discharge 
there,  and  find  its  way  to  the  Bay  through  the  filling,  which  it  could 
readily  do.  The  fact  that  this  is  where  the  pipe  had  undergone  the 
greatest  change  leads  us  to  look  at  this  with  some  suspicion.  The  drip 
from  the  rolls  would,  of  course,  be  warm.  The  main  here  is  a  "  dead 
end,"  intended  simply  for  fire  protection,  consequently  the  water  might 
remain  therein  some  time  without  being  renewed,  and  become  quite 
warm,  keeping  tbe  pipe  in  the  best  condition  to  be  acted  upon  by  salt 
water.  It  is  conceded  hereabout  that  warm  salt  water  is  damaging  to 
cast  iron,  more  especially  if  oil  or  other  grease  is  present. 

Some  years  since  the  condenser  of  an  engine,  so  located  that  the  tide 
reached  it,  was  affected  the  same  way,  and  it  was  then  thought  to  have 
been  caused  by  the  combined  action  of  heat  and  salt  water.  At  that  time 
it  was  stated  that  the  wrought  iron,  though  subjected  to  the  same  influ  - 
ences,  was  not  affected. 

The  whole  of  this  pipe  is  laid  on  made  land,  most  of  the  filling  being 
cinders,  iron  slag  from  puddling  furnaces,  and  such  other  refuse  as  is 
usually  found  about  an  "  iron  works."  The  soil  is  of  such  a  nature  that 
the  water  from  the  bay  would  readily  find  its  way  to,  and  even  beyond. 
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the  pipe,  covering  it  with  salt  water  twice  in  twenty-four  hours,  leaving 
it  more  or  less  immersed  from  six  to  eight  hours  out  of  the  twenty-four. 
One  would  hardly  suppose  that  with  a  thickness  of  but  one  eighth  of  an 
inch  the  pipe  would  stand  the  pressure  of  one  hundred  and  twenty 
pounds  per  square  inch,  but  such  was  the  case. 

An  attempt  has  been  made  to  charge  the  change  to  poor  material,  but 
of  the  56.6  miles  of  pipe  in  the  city,  this  is  the  first  and  only  thing  of  the 
kind  found.  Again,  the  pipes  taken  out  were  not  all  of  one  lot.  Of  the 
six,  one  was  made  by  R.  D.  Wood  &  Co.,  three  by  the  Gloucester  Iron 
Works  and  one  by  the  Warren  Foundry  and  Machine  Company.  The 
remaining  pipe  was  so  badly  broken  in  taking  out  that  it  was  not  iden- 
tified. 

A  plan  of  the  surroundings  is  here  given  (on  a  scale  of  200  feet  per 
inch),  which  may  assist  in  the  search  for  the  cause,  the  effect  having 
alreadv  been  found. 


Fig.  2. 

ii.  — chemical  study  of  the  corrosion,  by  professor  nichols. 
Some  time  ago,  I  received  from  my  colleague,   the  Pi'esident  of  this 
Society,  a  specimen  of  the  corroded  pipe  referred  to  by  Mr.  Borden  in 
the  earlier  part  of  this  paper.      Since  th»  n  1   have  received  other  speci- 
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mens  from  Mr.  Borden,  together  with  samples  of  the  material  in  which 
the  pipe  la3^  and  other  objects  wliich,  it  was  thoujcht,  might  throw  light 
upon  the  cause  of  the  corrosion. 

The  specimen  {ir.*t  received  by  me  was  a  ring  cut  from  a  pipe  on  which 
the  corrosion  was  very  marked.'An  inspection  of  the  cut  surface  showed 
three  tolerably  well-defined  layers:  within,  a  ring  of  apparently  unaltered 
iron;  without,  a  ring  of  a  brown  substance  bearing  no  resemblance  to  the 
original  iron,  being  easily  cut  with  a  knife  and  having  a  greasy  feel  ; 
between  the  two,  a  layer  full  of  black,  metallic-looking  particles  and 
easily  reduced  to  a  brown  powder.^  I  speak  of  these  layers  as  tolerably' 
well  defined,  because,  while  they  appeared  distinct  on  casual  observation, 
closer  inspection  showed  that  they  ran  into  each  other  and  could  not  be 
separated,  one  from  the  next  overlying  or  underlying  layer.  In  other 
specimens  of  the  pipe  only  two  layers  could  be  made  out.  the  inner  appa- 
rently unaltered  iron,  the  outer  corresponding  in  character  to  the  middle 
layer  of  the  specimen  first  received.  The  corrosion  had  not  taken  place 
uniformly,  so  that  the  bounding  surfaces  of  the  layers  were  not  con- 
centric, but  a  section  through  the  pipe  had  the  appearance  indicated  in 
the  figure  given  by  Mr.  Borden.  In  some  cases,  owing  to  lack  of  homo- 
geneousness  in  the  pipe,  the  corrosion  assumed  the  form  of  pitting,  the 
pits  being  filled  with  a  material  corresponding  to  the  outer  layer  of  the 
first  specimen  described.  This  outer  layer,  where  the  corrosion  was  com- 
plete and  where  no  iron  remained  in  the  metallic  condition,  is  perhaps  the 
most  interesting.  It  is  light  brown,  almost  yellowish  in  color,  but  is  full 
of  shining  black  particles.  When  heated,  it  gives  off  s-ome  white  fumes 
and  the  odor  of  acrolein,  glows,  and  what  remains  is  of  a  darker  color, 
almost  black.  The  black  particles  scattered  through  the  mass  are  some- 
what magnetic  before  and  after  heating.  When  the  substance  is  treated 
with  hydrochloric  acid  it  gives  off  sulphuretted  hydrogen  gas  ;  the  resi- 
due is  black  but  becomes  white  on  ignition.  Tiie  resviltsof  the  analytical 
determinations  are  as  follows,  the  second  column  merely  presenting  the 
statement  in  slightly  different  form,  calculated  from  the  same  data  : 

, — Per  cent. — , 

Moisture    Q  Q-l  G.Q'Z 

Oil,  etc.,  before  hydrocliloric   cicid 0.96  0.9tj 

Oil.  etc.,  after  hydrocaloric  acid 0.6L  0.61 

Sulphur  0.41 

Sulphur  calculated  as  sulphide  of  ir)n  1.13 

Phosphorus 2.2C 

i'hosphorus  calculated  as  phosphoric  acid  (P2O5) 5.04 

Graphite  '. 14.73         14.75 

Non-graphitic  carbou  undet.      undet. 

Silicon 9.94  

Silicon  calculated  as  silica  (Si  Oo)  21.30 

Iron '. 32  73 

Iron  calculated  as  ox'de  of  iron  (FejOs)* 45.74 

Copper 0.22  u.22 

Manganese  0.53 

Mang-anese  calculated  as  oxide  (JiOgO,)  0.74 

Alumina,  chromium,  lime,  magnesia,  chlorine,  sulphates,  traces. 

97.10 

As  these  figures  may  meet  the  eyes  of  chemists,  it  is  necessary  to  make 
a  few  remarks  which  will  be  of  more  interest  to  them  than  to  civil 
engineers.  In  the  first  place,  no  two  samples  precisely  alike  could  be 
taken  from  sucVi  a  mass,  and  the  results  of  examinations  made  by  different 

*  After  deducting  the  amount  contained  iu  the  sulphide  of  iron.  Calculated  as  the 
oxidi  Fe^Oi,  the  amount  would  be  44.22  per  cent. 
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persons  would  no  doubt  vary  on  this  account.  The  moisture  was  deter- 
mined by  drying  the  substance  at  110'  C,  until  a  practically  constant 
weight  was  obtained.  The  "  oil,  etc.,  before  hydrochloric  acid  "'  rejiresents 
what  was  extracted  by  ether  from  the  dried  substance.  This  was  dried 
at  100°  C,  but  a  perfectly  constant  weight  could  not  be  obtained. 
When  heated  it  partly  volatilized  and  partly  burned  with  an  odor 
of  acrolein,  and  left  no  mineral  residue.  This  oil  or  grease 
is  partly  due  to  the  remains  of  the  coating  (coal-tar  and  linseed  oil)  with 
which  tlie  pipes  were  originally  covered,  and  partly,  probably,  to  hydro- 
carbons in  the  iron  or  formed  during  the  corrosion:  partly  also,  in  all 
probability,  to  oil  from  the  tool  used  to  cvit  the  pipe  ;  but  I  believe  that 
this  is  not  all.  In  fact,  I  found  that  ether  would  extract  similar  oil  or 
grease  from  the  different  samples  which  I  had  of  the  slag,  or  cinder,  in 
which  the  pipe  was  bedded,  and  no  doubt  this  comes  from  the  greasy 
waste  water  from  the  rolling-mill,  which,  as  Mr.  Borden  says,  used  to 
drain  into  this  locality.  After  treatment  with  hydrochloric  acid,  the 
residue  yielded  an  additional  quantity  of  oil  when  extracted  with  ether. 
This  may  be  due  to  the  jjresence  of  an  oleate  or  other  fatty  salt  in  the 
mixture;  but  oleate  of  copper  or  iron  were  not  identified.  I  propose  to 
stud}'  this  matter  further  with  another  sample  which  has  not  been 
touched  with  a  tool,  and  which  cannot,  therefore,  have  any  oil  from  this 
source. 

The  sulphur  is  present  as  sulphide  of  iron,  without  much  doubt.  The 
phosphorus  appears  to  exist  to  a  slight  extent,  even  in  the  outside  layer, 
as  phosphide  of  iron — mainly,  however,  as  a  (basic)  phosphate  of  iron; 
and  I  am  inclined  to  think  that  this  compound,  which  is  readily  dissolved 
out  by  dilute  hydrochloric  acid,  is  what  gives  the  brown  color  to  the  mass. 
The  carbon  is  probably  there  partly  as  graphite,  and  partly  in  the  form 
of  carbide  of  iron,  which  is  formed  when  gray  cast-iron  is  corroded  or 
dissolved  slowlj-  in  dilute  acids,  and  to  which  the  formula  of  FeCg  has 
been  assigned  by  Karsten.  This  would  count  as  graphitic  carbon  in  the 
analysis.  The  non-graphitic  carbon  was  not  determined,  as  it  would 
have  been  impossible  to  distinguish  between  that  left  from  the  original 
iron  and  that  due  to  the  protective  coating,  which  is  not  simply  a  coat- 
ing, but  is  absorbed  by  the  iron. 

The  silicon  is  mainly,  if  not  wholly,  present  in  the  form  of  the  oxide, 
silica,  but  whether  it  is  combined  with  the  oxide  of  iron  forming  silicate 
of  iron,  or  whether  the  oxide  of  iron  and  the  silica  are  simply  mixed 
together  mechanically,  is  a  problem  which  it  would  be  difficult,  if  not 
impossible,  to  solve.  The  material  does  not  gelatinize  with  hydrochloric 
acid,  and  caustic  potash  dissolves  some  of  the  silica  (perhaps  about  one- 
half). 

The  condition  in  which  the  iron  exists  is  an  unsolved,  if  not  insoluble, 
problem.  Some  is  there,  no  doubt,  as  sulphide,  some  as  phosphide,  some 
as  silicide.  some  as  phosphate,  perhaps  some  as  silicate.  As  the  material 
does  not  precipitate  copj^er  from  a  solution  of  the  sulphate,  I  do  not  think 
there  is  any  metallic  iron  :  as  the  carbide  of  iron  is  magnetic,  I  do  not 
feel  sure  of  the  presence  of  magnetic  oxide,  althotigh  it  is  probably 
there.  It  was  impossible  to  determine  how  much  iron  was  in  the  fer- 
rous condition,  on  account  of   the   presence  of  sulphide  of   iron  and  of 
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organic  reducing  substances.  Some  of  the  iron  may  be  in  the  form  of  a 
hydroxide  like  limouite,  and  the  brown  color  of  the  mass  may  be  due  to 
this  rather  than  to  a  basic  phosphate.  These  conjectures  may  be  taken 
for  what  they  are  worth.  If  asked  to  state  intelligibly,  to  one 
noc  much  versed  in  chemistry,  what  the  corroded  material  ^as,  I  should 
say  that  it  is  mainly  oxide  of  iron  and  silica,  possiblj^  in  combination  as 
silicate  of  iron,  together  with  some  15  per  cent,  of  graphite  or  plumbago, 
some  fU  per  cent,  of  moisture,  and  some  2  per  cent  of  phosphorus,  which  is 
probably  there  as  phosphate  of  iron,  and  which  corresponds  to  about 
15  per  cent,  of  the  phosphate.  It  having  been  stated  elsewhere 
that  a  considerable  percentage  of  alumina  exists  in  the  corroded  material. 
I  will  say  that  I  have  been  unable  to  discover  more  than  mere  traces. 

As  to  the  cause  of  the  very  rapid  corrosion,  various  theories  have  been 
proposed  or  have  suggested  themselves.  With  reference  to  the  general 
mitter  of  the  corrosion  of  cast  (and  wrought)  iron  in  salt  (and  fresh) 
water,  the  classic  experiments  are  those  of  Mallet,  recorded  in  the  British 
Association  Reports  for  1838,  1840,  and  1843.  From  his  experiments,  ex- 
tending over  a  jjeriod  of  387  days.  Mallet  calculated  the  amount  of  cor- 
rosion which  would  take  place  at  the  same  rate  in  a  century  and  found  *  that 
with  different  varieties  of  cast  iron  the  average  loss  of  w^eight  per  supei'ficial 
foot  in  a  ce  itury  would  vary  from  11.58  piunds  to  16.34  pounds,  and  the 
avera^^e  depth  of  corrosion  from  0.306  inch  to  0.431  inch  in  the  same 
time.  This  calculation  of  from  three  to  four  tenths  of  an  inch  in  a 
cent iry  as  the  depth  of  corrosion  in  cast  iron,  was  found  to  be  somewhat 
low  by  the  examination  of  guns  taken  from  the  vvi-eck  of  the  Edgar, 
which  had  been  upward  of  129  years  under  water.  Here  the  corrosion 
was  foua  I  to  be  about  seven-eights  of  an  inch  on  tlie  average.  Iron 
from  the  Royal  George  was  found,  after  an  immersion  of  59  years,  to  be 
corroded  from  one-half  to  three-fourths  of  an  inch  in  depth. 

Mallet  found  that  in  foul  sea  water  the  corrosion  took  place  more 
rapidly  tnan  in  clean  sea  water,  but  with  nothing  like  the  rapidity  of  the 
case  bsfore  us.  His  experiments  were  on  specimens  of  iron  wholly  and 
continiiously  -submerged  ;  the  alternate  exposure  to  air  and  sea  water,  or 
to  water  as  salt  as  that  at  Fall  River.f  we  should^expect  to  cause  an  in- 
crpased  corrosion,  but  this  certainly  cannot  be  the  sole  cause  here,  because 
bafond  the  portion  of  pipe  affect-^d  there  is  other  pipe  which  has  been 
likewise  alternately  exposed  and  submerged  without  being  corroded.  It 
has  been  thought  that  the  corrosion  has  been  caused  bj^  the  material  in 
which  the  pipe  was  bedded;  that  some  acid  or  corrosive  substance  was 
developed  by  the  decompositi  )n  of  the  slag,  or  cinder.  Some  probability 
attaches  to  this  view,  because  cases  have  been  known  where  steam-pipes 
have  b^en  corroded  by  the  escape  of  steam  into  the  slag-wool  in  whicdi 
they  were  packed.  This  Professor  Eglestou:):  ascribes  to  the  formation  of 
sulphuric  acid  from  the  sulphur  in  the  slag-wool.  I  must  confess  that  I 
cannot  quite  see  how  an  acid  should  be  developed  under  the  existing 
conditions,  and  I  kept  for  a  long  time  some  of  the  finely-powdered  cinder 
in  contact  with  water  taken   from   the  spot,  without  being    able    to 

*  Report  of  the  British  Association  for  the  Advancement  of  Science,  x.  (1840),  p.  299. 

t  See  further  on,  page  280. 

t  Trans.  Am.  Sec.  Civ.  Engrs.,  XII.  (188:^),  p.  2.')3-201 . 
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discover  the  development  of  any  acid.  I  have  an  experiment  in 
progress  which  may  throw  some  hght  upon  the  matter.  In  two 
glass  jars  I  buried  small  weighed  bars  of  cast-iron  (portions  of  the 
same  casting)  in  powdeied  cinder  (two  different  samples),  and  in 
another  jar  buried  a  piece  of  the  same  iron  in  clean  sand.  These 
jars  were  filled  with  water  from  Fall  River  ;  every  morning  the  water  is 
drawn  off  and  every  evening  replaced,  so  that  the  iron  is  alternately 
covered  with  water  and  exposed  wet  to  the  action  of  air.  After  the 
experiment  had  gone  on  for  about  four  weeks,  the  pieces  of  iron  were 
removed,  cleaned  and  weighed.  It  was  found  that  the  iron  buried  in 
clean  Berkshire  sand,  and  which  originally  weighed  87.49  grams,  had  lost 
0.15  gram  in  weight.  The  pieces  buried  in  the  slag  weighed  the  same  as 
at  first.  I  feared  the  slag  might  have  been  too  finely  powdered,  so  that 
the  water  dii  not  drain  away  thoroughly,  and  the  experiment  is  now 
going  on  with  more  coarsely-powdered  slag.  Meanwhile  the  water  has 
developed  no  acid  reaction. 

Another  difficulty  in  the  way  of  considering  the  slag  as  the  cause  of  the 
trouble  is  that  some  of  the  uncorroded  pipe  lies  in  similar  material- 
Mr.  Borden  ssnt  me  three  samples  of  filling  fro  n  the  pipe  trench:  No.  1, 
from  the  west  end  of  the  decayed  pipe,  where  the  pipe  was  good  ;  No.  2, 
from  th  '  middle  ground,  where  the  pipe  was  bad  ;  No.  3,  from  the  east 
end,  where  the  pipe  was  good.  The  sample  numbered  "  1  "  was  a  clayey 
gravel,  but  Nos.  2  and  3  were  essentially  the  same  slag,  and  there  seemed, 
no  reason  why,  if  No.  2  was  corrosive.  No.  3  should  not  be  so  likewise. 
Samples  of  water  were  also  sent  at  the  same  time  from  the  three 
localities.     Thej^  proved  to  be  alike  in  their  salinity,  as  appears  from  the 

following  statement  : 

, Percentage  of , 

Combined  Total 

chlorine.  solids. 

No.   I 1.43  2.8ii 

•>     1  4s  2.86 

.3 149  2.8.: 

."^.imples  of  the  three  materials  in  which  the  pip3  was  bedded  at  these 
dift'erenc  points  were  tiien  taken  aad  placed  in  separate  beakers,  and 
each  CO  veered  with  water  from  its  own  locality.  The  water  was  poured 
off  every  evening  and  poured  on  again  every  morning,  for  about  a  fort- 
night. The  total  solid  material  contained  in  the  water  after  this  treat- 
ment was  then  determined. 

/—Percentage  o(  total  solids 

After 
Originally.        treatnifnt. 

iVo.   1     2  86  2.96 

2 2.86  3.74 

3   2.8.3  3.24 

This  would  also  indicate  the  similarity  of  the  two  samples,  Nos.  2  and  3. 

The  cinder  in  which  the  pipes  are  bedded  contains  a  small  amount 
of  copper,  which  might  be  looked  upon  as  an  agent  of  corrosion.  Un- 
doubtedly, if  the  copper  was  dissolved  out  from  the  slag:  by  the  salt 
water,  the  iron  would  be  corroded  by  the  solution,  and  copper  would  be 
left  on  the  iron.  The  amount,  however,  even  in  the  outside  layer,  is  so 
trifling  that  it  does  not  seem  as  if  this  could  be  concerned  in  the  action, 
and  copper  occurs  in  the  slag  in  which  the  non-corroded  pipe  lay  as  well 
as  in  that  around  the  corroded  pipe. 
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It  is  known*  that  iron  structures  immersed  partly  in  salt  and  partly  in 
fresh  or  brackish  water  are  corroded  somewhat  rapidly,  on  account  of 
galvanic  action  between  tbe  portions  of  iron  immersed  in  the  liquids  of 
different  (.lensities.  It  suggested  itself  that  the  fresher  water  draining 
from  the  rolling  mill  might  overlie  the  salter  water  below,  and  bring 
about  tills  condition,  but  samples  of  water  which  were  taken  for  me  by 
Mr.  Borden  at  different  stages  of  the  tide,  proved  to  be  of  essentially  the 

same  salinity: 

Total  solid  matter. 

N'>.  I.      Full  tide 2.59  per   cent. 

No.  II.    Tide  falling,  when  at  tcp  of  pipe 2.i'4 

No  III.  Tide  rising 2.61 

It  has  been  further  suggested,  that  the  fault  was  in  the  original  iron; 
but,  as  Mr.  Borden  remarks,  this  can  hardly  be  the  case,  as  pipes  furnished 
by  three  different  makers  were  corroded.  I  procured  a  piece  of  the  spigot 
end  of  one  of  the  pipes,  this  end  being  naturally  protected  from  corrosion, 
and  made  a  partial  analysis,  which  appears  in  the  table  below.  I  have 
had  no  experience  with  the  iroQ  ijenerally  used  for  such  water  mains, 
but  see  no  reason  to  suppose  the  iron  at  fault. 

The  most  serious  part  of  the  problem  before  us  is  not  to  determine 
why  the  pipe  has  corroded,  but  why  it  has  corroded  here  so  much 
more  rapidly  than  on  either  side  of  the  72  feet  length,  most  of  the  condi- 
tions seeming  to  be  the  same.  I  may  say  that  I  have  been  unable  to  visit 
the  locality,  and  it  is  within  the  bounds  of  possibdity,  although  not  very 
likely,  that  a  personal  visit  might  suggest  some  things  which  I  have  not 
considered.  It  is  also  possible  chat  the  cause  of  the  corrosion  is  one  that 
has  acted  in  the  past,  but  is  not  acting  at  present.  This  we  cannot  know 
until  the  new  pipe  has  been  longer  in  posit  on.  With  what  light  I  have 
at  present,  it  seems  to  me  most  likely  that  the  corrosion  is  due,  not  to  any 
one  single  cause,  but  rather  to  a  combination  of  circumstances  which  hap- 
pened to  work  together  to  produce  the  observed  result.  The  pipe  is  bedded 
in  a  very  porous  material,  in  which,  as  the  waterrecedes.  the  air  must  cir- 
culate freely,  but  which  j^robably  retains  enough  moisture  to  keep  the 
pipe  wet  nearly  all  the  time  even  when  not  actually  covered  by  water. 
Now,  as  Mallet  states,!  "the  conditions  the  most  favorable  possible  for 
rapid  oxidation  of  iron  consist  in  its  exposure  to  '  wet  and  dry,'  or  to  air, 
covered  with  a  film  of  water  constantly  renewed." 

Moreover,  from  Mr.  Borden's  statement  it  appears  that  the  tempera- 
ture is  such  as  to  favor  chemical  action.  Mallet  found  that  sea  water  at 
a  temperatvire  of  115  Fahr.  corroded  iron  rapidly.  It  is  not  likely  that 
the  Fail  River  brackish  water  reaches  that  temperature,  but  still  the 
temperature  is  probably  a  factor  in  the  matter.  When  the  locality 
where  the  pipe  lies  was  being  filled,  cinders  and  hot  slag  (sometimes  red- 
hot)  were  dumped  within  from  12  to  15  feet  of  the  pipe,  and  an  iron  pipe 
now  carries  the  hot  drip  from  the  rolls  over  and  within  12  inches  of  this 
pipe.  For  five  or  six  yeai-s  the  pipe  was  used  only  for  fire  purposes,  and 
the  water  was  found  to  be  very  warm  whenever  a  hydrant  was  opened. 
Now,  however,  the  water  runs  all  the  time  to  supply  a  drinking  fountain. 
It  remains  to  be  seen  whether  corrosion  is  less  active  in  the  future  than 
in  the  past. 

*  Mallet,  Br.  Assoc.  Rep.,  X.  (1840),  p.  227.   .  t  Br.  Assoc.  Rep.,  1840,  p.  256. 
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It  is  very  possible  that  the  air  which  comes  in  contact  with  the  moist 
pipe  is  (or  was^  such  as  to  act  upon  the  pijje  more  rapidly  than  ordinary 
air  would.  It  appears  that  the  locality  has  been,  for  a  long  time,  the 
receptacle  of  drainage  water  containing  much  organic  matter,  and  is 
even  now  freely  used  as  a  urinal.  The  decomposing  organic  matter 
beneath  and  in  the  filling  would  give  rise  to  carbonic  acid  and  ammonia 
gases,  both  of  which  are  corrosive  agents. 

Whether  the  air  in  the  interstices  of  the  filling  differs  from  ordinarj' 
air,  admit*,  of  course,  of  being  ascertained  experimentally.  At  this  season 
of  the  year,  I  should  not  expect  as  much  difference  as  in  summer,  when 
the  warmer  weather  would  make  the  decomposition  of  the  organic 
matter  take  place  more  rapidly.  However,  I  suggested  to  Mr.  Borden 
a  somewhat  crude  method  by  which  samples  of  the  air  might  be  taken, 
and  on  three  different  days  he  took  samples;  those  marked  "  E  "  are 
from  a  point  about  15  feet  east  of  the  west  line  of  the  Nail  Mill.  Those 
marked  "  W  "  are  from  a  poinr  midway  between  the  points  A  and  B  on 
the  plan,  vThere  the  corrosion  was  greatest.  The  results  of  the  examina" 
tion  (for  which  lam  indebted  to  Mrs.  Professor  Richards) are  as  follows  ' 

CARBONIC  ACID    [N  10,000   VOLS.   AIR. 

Aprill,  1885 E.    4..33  vols.  I  April  3,  1885 E. 4.94  vols. 

W.  4.99     ■'      I  W.4  89     " 

April  4 E.  4.15     " 

I  W.  4.95     " 

Outer  air  usually  contains  about  3  vols,  in  10,000,  and  ground  air  usu- 
ally more  than  the  samples  above.  The  results  are  not,  therefore,  very 
convincing,  but  I  should  like  to  repeat  the  experiment  in  warmer  weather. 

Of  the  single  suggested  causes,  I  have  looked  with  most  suspicion  upon 
the  "grease"  which  comes  from  the  rolls  of  the  iron  works,  and  which 
is  evidently  present  in  the  slag  and  probably  in  the  corroded  portion  of 
the  pipe.  Every  one  of  several  samples  tried  showed  grease  or  oil,  but 
as  the  pipes  had  been  treated  with  coal  tar  and  linseed  oil,  I  cannot 
assert  that  the  oily  matter  found  was  not  derived  from  this  source.  It 
is  well  known  that  the  greasy  water  from  surface  condensers  is  very  cor- 
rosive to  boilers,  and  this  is  partly  due  to  the  fact  that  the  grease  is 
decomposed  by  steam,  and  fatty  acids  are  formed.  I  have  not  yet 
satisfied  myself  as  to  the  existence  of  oleate  (or  other  fatty  salt)  of  iron  in 
the  corroded  pipe,  and  this  I  should  expect  to  find  if  the  grease  were  the 
prime  cause.  I  tested  also  the  various  samples  of  water  for  grease  with 
negative  results :, but  this  of  itself  would  prove  little,  as  the  samples 
were  all  taken  the  same  day.  Moreover,  it  appears  that  for  several  years 
the  pipes  were  exposed  to  warm  and,  presumptively,  greasy  water  much 
more  freely  than  at  the  present  time. 

I  must  confess  that  one  of  the  most  inexplicable  things  to  me  is  the  in- 
sutfioient  protection  atfor  led  by  the  coal-tar  coating.  Mallet  and  other 
experimenters  found  that  coal-tar  laid  on  hot  was  one  of  the  most  pro- 
tective coatings,  and  although  there  are  some  tuberculesin  the  interior  of 
this  pipe,  the  coating  seems  to  have  been  well  applied.  It  is  hard  to 
beheve  that,  in  this  case,  an  unprotected  pipe  could  have  decayed  much 
faster. 

The  accompanying  table  contains  the  results  of  the  chemical  examina- 
tion of  the  three  layers  of  the  corroded  pipe  and  also  of  iron  from  the 
spigot  end  of  one  of  the  pipes.     As  the  spigot  was  not  from  the  iden- 
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tical  pipe  from  which  the  corroded  ring  was  cut.  the  comparison  must 
not  be  pressed  too  closely,  but  it  probably  represents  nearly  enough  the 
original  iron.  We  should  expect  that  as  the  corrosion  proceeded,  the 
iron  would  be  partly  oxidized  and  partly  dissolved  away  as  protocar- 
bouate  or  otherwise,  and  that  tlie  carbon,  the  silicon,  the  phosphorus 
would  accumulate  to  form  a  larger  proportion  of  the  mass.  Examina- 
tion of  the  figures  in  the  table  shows  that  the  graphite,  the  silicon 
and  the  phosphorus  do  increase  in  amount  from  the  centre  out- 
ward, and  in  almost  identically  the  same  proportion.  It  appears,  how- 
over,  that  while  the  iron  decreases  in  the  same  direction,  it  decreases 
much  less  rapidly. 


Moisture 

Silicon 

Silicon  calculated  as 
silica  .Si02) 

Phosphorus  

Phosphorus  calcu- 
lated as  phospho- 
ric acid  (PjOs) 

Graphite 

Iron  

Iron  calculated  as 
oxide  (FeoOa )*.... 

Sulphur " 

Sulphur  calculatpd 
as  iron  sulphide 
(FeS) 

Copper 

Mangfanese 

Manganese  c  a  1  c  u- 
lated  as  oxide 
(MnjO,) 

Oil,  etc.,  before  hy- 
drochloric acid . . . 

Oil,  etc.,  after  hy- 
drochloric acid . . 

Non-graphitic  car- 
hon 


Outside  layer. 


9.94 


2.20 


33.73 


0.41 


0.53 


6.62 
21.30 


5.04 
14.75 


45.74 


1.12 

0.22 


0.74 
0.96 
0.61 

und. 

97.10 


Middle  layer. 


G.41 
1.44 


43.15 
'  0.35 


5.61 


13.74 


3.30 
9.46 


60.77 


0  96 
trace, 
und 


0.0  < 


und. 


Inside  layer. 


3.31 
0.(39 


72.97 


0.19 


trace, 
und. 


und. 


und. 
7.09 


1.58 
und. 


0.52 


Spigot  end. 


und. 
1.77 


0.39 


2.63 
93.18 


0.09 


trace. 
0.61 


0.77 


3.79 


0.89 


0.25 


*  After  deducting  the  amount  required  for  the  sulphide  of  iron . 


Some  surprise  has  been  expressed  at  the  lightness  of  the  corroded  ma- 
terial, and  one  chemist  has  suggested  the  theory  that  this  may  be  due  to 
the  presence  of  metallic  aluminum.  There  are  several  objections  to  this 
view.  In  the  first  place,  it  is  quite  unnecessary.  A  fragment  of  the 
corroded  part  of  the  pipe  (including  the  "  middle"  and  "outside"  layer, 
as  designated  above)  was  found  to  have  an  apparent  specific  gravity  of 
2.33,  but  it  was  very  evident  that  the  lightness  was  due  in  part  to  the 
fact  that  the  material  was  very  porous  and  contained,  therefore,  a  good 
deal  of  air.  Moreover,  as  it  contained  oily  matter,  it  was  not  readily 
wet  by  water.  Small  lumps  heated  in  water  to  the  boiling  point  and 
then  cooled  down  gave  a  specific  gravity  of  3.73,  and  when  the  material 
was  in  the  form  of  a  moderately  fine  powder  the  specific  gravity  rose 
to  2  98. 
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If,  now,  we  take  the  mean  composition  of  the  corroded  material 
(middle  and  outside  layers)  to  be — 

Percent.  1  Percent. 

Moisture   6.11     Oxide  of  iron  53.25 

Silica 17  50  I  Oil,  water   of   hydration,  hydrocar- 

Sulphide  of  iron 1.04  I     bons,  etc  5  83 

PhosDlioric  acid 4.17  

Graphite   12.1C  |         Total 100.00 

and  then  reckon  the  phosjDhate  of  iron  as  corresponding  in  composition 
and  specific  gravity  with  the  native  mineral  dufreynite,  and  take  as  the 
specific  gravities  of  the  other  ingredients  the  observed  specific  gravities 
of  the  corresponding  native  minerals,  we  reach  the  following  basis  on 
which  to  calculate  a  possible  specific  gravity  for  our  mixture  : 

Percent. 

Water,  oil,  etc 11.94  say  12.0 

Silica 17.50  "    17.5 

Sulphide  of  iron 1.04  "       1.0 

Graphite 12.10  "    12.0 

Phosphate  of  iron 15.16  "    15.2 

Oxide  of  iron  42.26  •'    42.3 

The  specific  gravity  of  such  a  mixture  as  this  would  be  2.63.  This 
claims  to  be  nothing  more  than  a  rough  ajiproximation.  but  it  shows 
that  knowing  the  composition  and  character  of  the  substance,  we  need 
not  be  surprised  at  the  low  specific  gravity. 

Another  reason  why  I  cannot  accept  the  aluminum  theory  is  that, 
from  our  knowledge  of  the  difficulty  with  which  aluminum  is  reduced 
from  its  compounds  and  obtained  in  the  metallic  state,  I  cannot  conceive 
how  the  reduction  could  take  place  when  the  tendency  of  all  the  con- 
stituents of  the  original  iron  is  to  become  oxidized  :  No  one  would  claim 
that  this  oxidation  could  be  effected  in  the  wet  way  by  the  reduction  of 
aluminum  compounds. 

The  third  reason  for  rejecting  the  aluminum  theory  is  that  there  is 
only  the  merest  trace  of  aluminum  present  in  any  form. 

Since  this  paper  was  read  another  sample  of  the  corroded  material  has 

been  submitted  to  partial  analysis.     This  specimen  came  from  near  the 

bell  end  of  the  same  pipe,  the  spigot  end  of  which  was  taken  as  a  samj^le 

of  the  original  iron.     The  surface  here  showed  the  asphalt  coating  still 

remaining,  and  only  two  layers  could  be  distinguished.     The  inner  layer 

was  not  analyzed,  but  did  not  seem  to  be  wholly  unaltered  iron  ;    the 

outer  layer  was  harder  than  in  the  specimen  described  above,  although 

it  could  be  reduced  to  a  fine  powder  without  diflSculty.   The  results  of  the 

partial  analysis  were  as  follows : 

Corrosion.  Original  iron. 

Bell  end .  Spigot  end. 

Moisture  3.87  Undet. 

Oil,  etc.,  extracted  by  ether 0.40  Trace. 

Oil,  etc,  after  hydrochloric  acid 0.22  0.00 

Iron     52.94  93.18 

Graphite 7.93  2.63 


THE    WATER    SUPPLY    OF    CLEVELAND. 

ITS   SANITARY  AND   CHEMICAL  QUALITIES. 


By  N.  B.  Wood,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 
[Read  November  11,  1884.] 

In  these  days,  when  man  from  sordid  motives,  contaminates  or  adul- 
terates the  necessities  of  life,  when  accidentally  or  carelessly  he  accom- 
plishes it,  or  when  it  is  impossible  for  him  to  avoid  doing  so,  it  becomes 
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a  matter  of  importance  to  all  to  study  the  effects  of  such  contamination, 
to  prevent  it  if  possible,  and  to  avoid  the  use  of  the  contaminated  article 
when  practicable. 

The  water  supply  of  Cleveland  is  obtained  from  four  sources — the  lake 
chiefly,  the  river,  the  springs  and  w^ells,  and  the  clouds.  We  have  been 
in  the  habit  of  extolling  the  water  delivered  to  us  by  our  city  water- 
works. We  have  often  seen  it  stated  by  our  city  press  that  we  have  the 
purest  water  in  the  world,  and,  as  a  consequence,  have  the  healthiest 
city  in  the  world,  all  of  which  has  about  as  much  foundation  in  fact  as 
the  assertion  that  we  have  the  best  fire-engines  in  the  world.  There  is 
no  doubt  that  while  the  water  supplied  to  our  city  is  much  purer  than 
that  supplied  to  many  other  cities,  it  is  far  less  pure  than  it  should  be. 

There  is  no  doubt  that  much  of  our  valuable  water  supply  has  gone 
into  disuse,  either  from  having  been  officially  condemned,  or  from  the 
mistaken  or  preconceived  notion  of  the  people  that  it  is  unfit  for  use. 
These  preconceived  opinions  with  regard  to  the  fitness  or  unfitness  of  it 
are  very  excusable,  and,  in  the  main,  should  rather  be  encouraged  than 
discouraged.  Water  from  any  source  should  be  looked  upon  with  sus- 
picion until  decided  by  competent  examination  to  be  of  a  nature  not 
likely  to  he  dangerous.  This  cautious  wording  is  necessary  because  con- 
taminated water  is  a  poison  of  such  an  insidious  nature  that  no  examina- 
tion, however  thorough,  or  bowever  scientifically  conducted,  can 
determine  the  particular  dangerous  component  part  of  such  water. 
According  to  Prof.  Frankland  and  other  eminent  authorities,  chemical 
analysis  cannot  determine  whether  water  is  infectious  or  not.  Prof. 
Frankland  says  :  "  The  presence  of  an  infectious  quality  in  water  cannot 
be  proved  by  chemical  analysis,  and  is  only  learned,  too  late,  by  its 
effects  on  man.  But  though  chemistry  cannot  prove  any  existing  infec- 
tious quality,  it  can  ijrove,  if  existing,  certain  degrees  of  sewage  con- 
tamination, and  eveiy  sewage  contamination  which  chemistry  can  trace 
ought,  prima  facie,  to  be  held  to  include  the  possibility  of  infectious 
properties."  Notwithstanding  all  this,  there  are  certain  phenomena 
observable  during  the  chemical  examination  which  furnish  valuable 
data  upon  which  to  base  an  opinion  relative  to  the  merits  of  water  for 
domestic  and  dietetic  purposes.  For  instance,  a  sample  of  water,  which, 
though  evaporating  to  dryness  with  a  scarcely  perceptible  residue,  gives 
off  the  characteristic  odor  of  urine  while  evapoi'ating,  would  be  immedi- 
ately condemned  as  unwholesome. 

The  conclusions  arrived  at  by  the  writer  and  recorded  in  this  essay, 
are  the  results  of  an  extended  set  of  experiments,  which  were  inaugu- 
rated primarily  for  the  purpose  of  determining  the  fitness  of  the  water 
he  was  obliged  to  drink.  This  water  is  obtained  from  a  spring  which 
issues  from  a  bank  on  which  stands  a  row  of  outhouses  not  more  than 
thirty  or  forty  feet  vertically  above  the  stratum  from  which  it  issues. 
The  results  of  these  experiments  were  so  surprising  to  him,  that  he 
extended  them  so  as  to  demonstrate  whether  this  spring  is  an  excep- 
tion or  a  rule  as  to  quality  of  water  obtainable  from  springs  in  this 
city. 

The  following  is  a  general  outline  of  the  work  done :  Commencing 
with  a  spring  which  is  located  near  the  west  end  of  the  old  river  bed, 


286 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


and  ending  with  one  which  issues  from  the  hillside  between  Herschel 
street  and  Central  Way,  seven  springs  have  been  examined,  which  are 
supposed  to  give  a  fair  averao;e  of  tlie  spring  water,  and  perhaps  the  well 
water  obtainable  west  of  the  river.  Compared  with  these  results,  one 
analysis  of  lake  water  taken  from  service  pipe  and  one  of  river  water 
taken  from  it  at  the  C;  C,  C.  &  I.  R}^  freight  bridge,  will  be  found  in 
the  table  subjoined. 

It  must  be  borne  in  mind  that  no  attempt  has  been  made  at  absolute 
quantitativ^e  acciaracy  in  these  analyses ;  but  the  figures  given  wdl  be 
found  substantially  correct  as  far  as  they  go,  and  sufficiently  in  detail 
to  answer  the  purpose  for  which  they  were  made.  Such  experiments,  in 
order  to  be  complete,  must  of  necessity  be  expensive  in  apparatus  and 
time,  neither  of  which  the  writer  has  an  unlimited  command  of.  No 
attempt  was  made  to  determine  the  quantity  of  organic  matter  present, 
except  in  the  lake  and  river  waters,  but  comparative  tests  were  made  of 
all  with  permanj^anate  of  potash,  which,  though  giving  no  positively 
reliable  results,  does  give  negatively  reliable  ones.  By  this,  I  mean  that 
if  a  sample  of  water  be  treated  with  a  dilute  solution  of  permanganate 
of  potash  until  it  has  a  faint  pink  tint  and  stands  several  hours  without 
losing  its  color,  the  water  may  be  considered  free  of  organic  matter.  If, 
on  the  other  hand,  it  loses  its  color,  the  sample  may  or  may  not  contain 
organic  matter.  None  of  the  samples  tested  gave  any  marked  reaction 
when  tested  for  organic  matter  by  this  merhod,  except  those  from  the 
Herschel  street  spring  and  from  the  old  river  bed,  which  represent  the 
extremes  tested.  One  of  these  showed  a  greater  (Herschel  street)  and 
the  other  a  less  decolorizing  power  than  lake  water.  We  may  with  con- 
fidence, then,  assert  that  six-sevenths  of  the  spring  water  has  less  organic 
matter  in  ic  than  our  so-called  pure  lake  water.  The  further  discussion 
of  the  properties  and  peculiarities  of  the  water  from  these  various  sources 
will  be  continued  after  the  following  : 


TABLE   OP  ANALYSES. 


Place  where  Water  was 
obtained. 

a 
5   . 

?  M 

o  » 

o  ^ 
Eh 

O.r;  o 
O 

a 

<u 
CO 

o 

o 

a 

o 

5 

Organic  matter 

by 
Permanganate. 

Spring  near  end  of  old  river  bed 
Spring  on  West  River  street 
Spring  on    South   of   Fairfle:d, 

41.00 
.-54.04 

31.60 

28.60 

26.40 

62.00 

45.50 

9.11 

18.05 

10.40 
17.09 

8.00 

7.00 

17.20 

17.60 

0.82 

14.00 
11.09 

10.60 

6.80 

15.00 

12.00 

3.01 

16.60 
25.55 

13.00 

14.80 

29.80 

15.90 

3.40 

Trace 



Spring  North  of  Fairfield  street. 

Spring  under  Nickel  Plate  Ry. 

None. 

Spring  rear  of  N.  Y.,  P.  &  O.  Ry. 

shops 

Spring  between  Herschel  street 

and  Central  Way 

Lake  water  from  service  pipe. . 

0.65 

1  22 

5'.04 

lake  water. 

ignition,     indi- 
cating   much 
iron 
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These  analyses  show  a  greater  variation  in  the  "  total  solid  contents" 
than  would  be  supposed  could  possibly  exist,  since  the  springs  all  issue 
from  about  the  same  depth,  except  that  near  Herschel  street,  winch  has 
peculiar  properties  which  I  shall  refer  to  further  on.  They  all  run  out  of 
a  bank,  composed  of  alteiua^.e  strata  of  sand,  clay,  and  gravel,  at  a  depth 
of  about  sixty  feet.  The  sand  is  calcareous,  being  composed,  to  some 
extent,  of  rounded  grains  of  carbonate  of  lime.  The  last  stratum  of  clay 
over  which  the  water  runs,  and  which  is  impervious,  is  of  the  blue 
variety,  much  impregnated  with  organic  matter  ;  and  above  this  is  a 
stratum  of  quicksand,  also  containing  much  organic  matter,  through 
which  the  water  tilters. 

With  the  exception  of  the  sample  from  Herschel  street,  the  inorganic 
portion  of  the  solid  contents  is  nearly  the  same  m  quality.  The  water  is 
all  excessively  hard  with  both  permanent  and  temporary  hardness.  Two 
of  the  springs  yield  water  which  might  be  considered  unwholesome  on 
this  account,  but  both  yield  water  which  rivals  the  purest  distilled  m 
transparency  and  freedom  from  suspended  particles,  and  permanganate 
solution  finds  nothing  in  it  for  which  it  is  willing  to  change  color. 

The  Herschel  street  spring,  which  is  the  largest  of  all,  flowing  several 
gallons  per  minute,  seems  to  be  of  quite  a  different  character.     It  springs 
from  the  bank  much  higher  up,  and  the  adjacent  table-land  is  much  lower 
than  other  parts  of  the  city,  being  what  was  known  as   "  the  old  camp 
ground  "  This  spring,  then,  is  not  more  than  fifteen  feet  below  the  surface. 
Its  water  holds  large  quantities   of  nitrites   and   chloride  of  sodium   in 
solution,  which  according  to  eminent  authority  denotes  what  is  termed 
previous  sewage  or  animal  contamination.     As  this   term  is  somewhat 
blind  but  of  general  use,  it  may  be  pardonable  to  digress  sufficiently  to 
explain  it     When  sewage,  or  other  nitrogenous  animal  matter  in  solution, 
is  filtered  through  a  sufficient  depth  of  soil,  the  oxygen  of  the  air  attacks 
the  carbon,  converting  it  into  carbonic  acid  ;  at  the  same  time  it  converts 
the  nitrogen  into  nitrous  or  nitric  acids,  which  combine  with   whatever 
ba-es  may  be  at  hand  to  form  nitrites  or  nitrates.    The  water  after  bemg 
thus  filtered  may  contain  no  trace  of  organic  matter,  but  it  is  assumed  that 
the  presence  of  nitrites  or  nitrates  is  evidence  of  former  contamination 
to  at  least  the  extent  of  the  nitrogen  present  as  compared  with  the  same 
amount  of  nitrogen  in  sewage.     It  is  evident  that   this  cannot  always  be 
trup  since  nitrates  are  known  to  exist  in  large  quantities  in  places  where 
sewage  contamination  could  not  occur.     It   is  evident,  however,  that 
when  only  nitrates  are  present,  the  decomposition   has  been  so  complete 
that  no  fears  need  be  entertained  with  regard  to  the  purity  of  the  water, 
or  its  fitness  for  any  dietetic  purpose.    Our  chemical  investigations,  then, 
teach  us  that  with  the  exception  of  the  Herschel  street  spring,  which  is 
very  bad,  and  the  "old  river  bed,"  which  is  objectionable,  our  spring 
water  is  of  most  excellent  quality  for  domestic  use,  and  this  conclusion 
is  in  harmony  with  that  of  Prof.    Frankland,  who  says:  "Of  all  the 
different  varieties  of  potable  waters,  the  best  for    dietetic    purposes    are 
spriruj  and  deep  ivell  waters.  They  contain  the  least  proportion  of  organic 
matter  and  are  almost  always  palatable   and   wholesome.     Such  waters 
are  of  inestimable  value  to  communities,  and    their    conservation    and 
utilization  are  worthy  of  the  greatest  efforts  of  those  who  have  th^pub- 
lic health  under  their  charge."  ^-r-i  ...  ^--J    -  I 
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1  need  only  refer  to  the  river  water  casually.  Its  composition  as  water 
is  of  little  interest;  its  large  percentage  of  organic  matter  does  not  strike 
us  with  surprise,  for  we  know  the  river  to  be  nothing  less  than  a  fester" 
ing  cesspool;  a  stagnant,  loathsome  receptacle  of  sewage  and  chemical 
by-products,  which  occasionally  spills  over  and  pollutes  our  outer  harbor 
and  our  principal  water  supply,  the  lake.  We  have  already  had  very 
able  papers  read  before  this  society  treating  upon  this  very  important 
subject  of  river  pollution.  The  subject  ought  to  be  discussed  publicly, 
so  that  public  action  might  follow  to  remove  or  prevent  this  lamentable 
state  of  our  river;  as  it  will,  no  doubt,  have  a  greater  effect  on  the  health 
of  the  people  in  times  of  epidemic  than  all  other  causes  combined. 

By  referring  to  the  table,  we  Hnd  that  the  lake  water  delivered  to  us 
through  the  city  water-works  is  far  superior  to  all  others  in  respect  to 
the  "  total  solid  contents,"  which  is  less  than  ten  grains  per  gallon.  This 
for  all  technical  purposes  (except,  perhaps,  the  making  of  beer)  places  it 
far  in  advance  of  anything  obtainable  here  except  rain  water;  but  even 
in  this  respect  it  is  inferior  to  the  water  supplied  to  Jamestown,  N.  Y., 
or  to  Detroit,  and  many  other  places.  The  principal  objection,  however, 
to  the  water  is  to  its  use  for  domestic  purposes.  It  is  not  what  might  be 
called  bad.  but  it  is  far  from  being  as  good  as  we  could  wish.  The  quan- 
tity of  organic  matter  which  it  contains  is  quite  large.  On  this  point 
all  chemists  agree,  varying  from  that  given  in  the  table,  1.23  grains  per 
gallon,  to  2.65  by  another  analyst.  It  probably  varies  much  under  dif- 
ferent circumstances,  such  as  changing  of  winds  and  seasons,  et  ccetera. 
But  the  quality  of  this  organic  filth  is  the  objectionable  feature  of  our 
city  water.  No  doubt  much  of  it  is  of  the  same  character  as  that  usu- 
ally found  in  lake  and  river  waters,  and  due  to  the  decomposing  vegetable 
matter,  but  soineit  not  muehis  due  to  contamination  by  sewage,  shipping 
an  1  river  pollution  of  various  kinds.  Our  water  often  tastes  of  "coal  oil," 
and  no  one  doubti  for  a  moment  where  it  comes  from.  The  river  water 
has  been  served  up  to  us  to  make  our  tea  and  coffee  witb.  If  we  allow 
lake  water  to  stand  in  a  tank,  we  find  a  thick  coating  of  slime  collects 
upon  its  sides.  This  is  the  mycelium  from  which  fungi  may  develop. 
None  except  water  contaminated  by  organic  matter  ever  can  produce  this 
growth.  In  this  respect,  it  migbt  be  of  interest  to  compare  the  phenomena 
observed  under  similar  circumstances  in  the  other  samples  of  water.  The 
springs  at  Herschel  street  and  "  old  riverbed  "'  develop  similar  slim  3^  sub- 
stances; but  the  other  springs  after  long  standing  and  depositing  the 
carbonate  of  lime,  produced  a  growth  of  innoxious,  one-celled 
chlorophyl-colored  plants.  The  growth  was  small,  but  quite 
apparent  on  account  of  its  color.  This  brings  us  to  another 
interesting  part  of  this  intricate  subject,  namely  :  Although  this 
water  gave  no  indication  of  the  presence  of  organic  matter  by  any 
chemical  test,  it  evidently  did  contain  some,  for  the  germs  or  spores  of 
these  plants  must  surely  have  been  present.  No  fungoid  growth  ever 
appeared.  Rain  water,  collected  upon  a  porcelain  dish  after  it  had  been 
raining  a  few  minutes,  subjected  to  the  same  test,  remained  perfectly 
pure,  having  neither  color,  odor  n3r  sediment  after  months  had  elapsed, 
indicating  that  any  taint  possessed  by  such  water  is  due  to  organic  and 
other  impurities  from  tlie  roof  upon  which  it  was  collected.     But  dew 
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collected  by  the  sama  means,  to  the  amouat  of  several  ounces,  produced 
mycelium  in  a  short  time,  though  evidently  not  of  the  same  variety  as 
those  previously  mentioned. 

What  conclusions  are  we  to  draw  from  this  rather  conflicting  mass  of 
evidence?  The  general  impression  is  in  favor  of  spring  water  for  dietetic 
purposes;  and  provided  it  has  been  proved  by  competent  examination  to 
be  g)od,  no  doubt  this  conclusion  is  the  correct  one.  But,  as  our  own 
table  shows  no  two  springs  (no  matter  how  close  together)  can  be  relied 
upon  for  similar  water,  we  must  look  on  them  with  suspicion  until  we 
know  their  quality.  On  the  other  hand,  our  city  water  supply  varies 
from  diy  to  day;  now  river  water  and  again  deep  lake  water;  now  clear 
as  crystal  and  then  muddy;  but  at  the  best  we  know  it  contains  the  foul- 
est organic  matter  which  has  had  no  opportunity  to  decompose.  The 
wat?r  supply  should  be  taken  from  a  greater  distance  from  the  shore. 
The  sewage  of  the  city  should  be  carefully  excluded  from  the  river,  and 
either  used  for  irrigating  the  land  or  emptied  into  the  lake  so  far  toward 
the  east  that  no  possible  contamination  can  occur,  and  no  vessel  should 
be  allowed  to  discharge  any  filth  for  several  miles  above  the  city.  If 
there  be  any  foundation  for  the  germ  theory  of  disease,  the  dejections 
from  a  single  cholera  patient  cast  into  the  lake  near  the  crib  would  be 
sufficient  to  poison  the  whole  city  with  the  infection.  Would  it  not  be 
better,  then,  in  case  of  a  visitation  of  this  kind,  to  either  abstain  from  using 
the  lake  water  or  never  to  use  it  except  after  having  been  boiled  ? 
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IPPiOCEEnDIITG-S. 


ENGINEERS'  CLUB  OF  ST.  LOUIS. 


April  15,  1885  :— The  Club  was  called  to  order  by  President  Moore,  at  the 
Mercantile  Library,  twenty-four  members  being  present. 

The  ixiiuutes  of  the  previous  meeting  were  read  and  approved. 

The  Executive  Committee  reported  a  letter  from  C.  W.  BuUen,  Chairman  of 
House  Committee  of  Mercantile  Club,  in  regard  to  the  use  of  their  rooms. 

On  motion  of  Col.  Moore,  the  Club  expressed  their  thanks  to  the  Mercantile 
Club  for  the  use  of  their  rooms  for  the  past  year. 

Moved  by  Mr.  Ockersou  :  that  the  Club  hold  their  meetings  at  Washington  Uni- 
versity.    This  motion  was  laid  over  until  next  meeting. 

Mr.  Wm.  W.  Penney  was  proposed  for  membership  by  S.  B.  Russell  and  Thos. 
D.  Miller. 

Mr.  H.  W.  Baker  read  a  paper  on  "  Steamboat  Shafts." 

A  genei'al  discussion  followed. 

lAdjouvned.]  Thos.  D.  Miller,  Secretary. 

April  39,  1885  : — The  Club  was  called  to  oi'der  by  President  Moore,  at  the 
Mercantile  Library,  twenty-four  members  being  present. 

The  minutes  of  last  meeting  were  read  and  approved. 

The  Executive  Committee  reported  that  the  resignation  of  Mr.  John  A.  Sobo- 
lewski  had  been  received  and  accepted. 

The  Committee  reported  favorably  on  the  proposals  for  membership  of  Wm. 
W.  Penney  and  O.  A.  Orrman.     They  were  balloted  for  and  declared  elected. 

Mr.  Ockerson's  motion  to  hold  the  meetings  of  the  Club  at  Washington  Univer- 
sity was  taken  up  and  carried. 

Mr.  M.  L.  Holmau  read  a  paper,  "  House  to  House  Inspection  to  Prevent  Water 
Waste." 

The  paper  was  generally  discussed. 

Mr.  C.  F.  White  read  a  paper  on  "  Dynamometers." 

After  a  discussion  of  the  paper  the  meeting  adjourned. 

Thos.  D.  Miller,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


April  31,  1885  : — The  307th  meeting  was  held  in  room  35  Honore  Building,  at 
4  p.  M.     President  Williams  in  the  chaii". 

In  the  absence  of  the  Secretary,  Mr.  LUjencrautz  was  appointed  to  act  as  Secre- 
tary pro  tem. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  ArtingstaU,  for  Committee  on  Topics,  submitted  report  as  amended.  On 
motion  this  was  accepted  and  adopted. 

In  response  to  request  at  the  last  meeting,  Mr.  Zellweger  offered  the  following 
suggestions  : 

1.  To  establish  a  question  box,  into  which  any  member  may  deposit  clearly 
defined  questions  (signed  by  the  inquirer,  and  dated). 

3.  To  take  up  the  questions  one  by  one  in  the  order  of  their  dates,  by  submitting 
them  to  the  Report  Committee,  who  may  answer  them  iimnediately  or  prepare  an 
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answer  for  the  next  meeting.     In  case  of  absence  of  such  Connnittee,  the  question 
*t^^:^^^':^  wi-itin.  in  a  condensed  forn.^  for  preservation. 

Jlhaci  bli  mad;  with  the  manager  of  "  The  Permanent  Exh.b.   of  Bmldmg 

Materials"   for  quarters  in  their  apartments  on  very  favorable  teims,  and  that 

the  effects  of  the  Society  h'ad  been  transferred  thither  p,,„„,ittee  were 

On  motion  of  Gen.  Fitz  Sunons,  the  report  and  action  of  the  Committee  were 

"The^'secretary  read  a  letter  from  the  Secretary  of  the  '  Liverpool  Engineering 
Society'  in  regard  to  exchange  of  transactions. 

After  an  interesting  discussion  on  Dredging,  the  meetmg  adjourned. 

Alteianmw^ie       g  GAM    Liljencrantz,  Secretary  pro  tern. 


Mat  5   1885— The  208th  meeting  was  held  in  the  Society's  HaU,  at  4  p.  m. 
In  the  kbsence  of  the  President  Mr.  Artingstall  was  called  to  the  chair. 
The  minutes  of  the  preceding  meeting  were  read  and  approved 
Application  to  be  admitted  as  a  member  was  presented  from  Mr.  J^^^^^^J^^  ^^'^_ 
Howells,  City  Engineer,  Richmond,  Ind.,  indorsed  by  Messrs.  B.  Williams,  Mac 

Ritchie  and  MacHarg.  tvtv    t    T  MoVmh 

The  Secretary  reported  receipt  of  photograph  likeness  from  Mr.  J.  J.  McVean. 
The  Secretary  read  a  letter  from  Mr.  H.  G.  Prout,  Secretary  of  the  Association 
to^heffecTthaimeinbers  could  obtain  from  him  any  books  on  the  cata^^e  o^ 
John  Wiley  &  Sons  at  25  per  cent,  discount,  postage  paid ;  on  account  of  advertise 

in£  in  the  Journal.  .  t-  „  *„^  ©i  r^,, 

ft  was  voted  that  a  bill  from  the  Association  of  Engmeermg  Societies  for  $1  on 
each  copy  of  the  Journal  taken  by  the  Society  be  paid;  amount  $108 

It  wTs  voted  that  the  report  of  the  Committee  on  Topics,  adopted  at  the  last 
meeting,  be  printed  in  the  Journal. 

Mr  Wright  read  a  paper,  "  The  Best  Material  for  Street  Railroad  Rails. 
"'.      ^    J-,  L.  P.  Morehouse,  Secretary. 

[Adjoiirnecl]. 

The  Members  of  the  Western  Society  of  Engineers  are  mvited  to  send  comniuni- 
cations  of  a  complete  and  comprehensive  character,   on  any  of   the  subjects 
included  in  the  following  list,  as  weU  as  on  other  analogous  questions  : 
Sewers  for  suburban  districts.  Minmg  machinery  and  apphances. 

wS  supply  for  suburban  districts.  Blasting  in  greets  of  cities. 

PoUution  of  domestic  water  supply.  B  astmg  ^^.^^XHu^rs 

Waste  of  water,  prevention  of.  Floods  m  ^  estern  livers. 

Kping  machinery  of  water  works.         River  improvements. 

Removing  snow  blockadM.  S^J^fsS  tor  stractm-al  piin'^es 

Mechanical  power  on  street  railways,  steam,  electricity,  cables,  etc. 

CIVIL  ENGINEERS'  SOCIETY    OF  ST.   PAUL. 

April  6,  1885  :-The  meetmg  was  called  to  order  by  Mr.  Rundlett.  President. 
There  were  present  eleven  members  and  two  visitors. 

A  letter  was  read  from  Sec.  H.  S.  Treherne  of  the  Architectural  Association  of 
Mmnesota,  inviting  members  of  the  Civil  Engineers'  Society  of  St.  Paul  to  become 
associate  members  of  that  association.  On  motion  the  letter  was  referred  to  the 
Board  of  Directors. 
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Mr.  W.  S.  Truesdale  read  a  paper  on  the  Building  Stone  of  Minnesota,  which  was 
recommended  for  publication  in  the  Journal. 

Mr.  J.  L.  Gillespie  read  a  paper  on  the  Improvement  of  the  Upper  Mississippi, 
after  which  opportunity  was  given  for  discussion  and  the  examination  of  maps, 
plans,  etc. 

The  applications  of  Mr.  F.  T.  Hampton  and  Mr.  John  Grondal  for  membership 
having  been  duly  approved,  ballots  were  taken  and  both  were  declared  elected,  and 
the  Secretary  was  instructed  so  to  notify  them. 

The  subject  of  Mr.  Chas.  F.  Loweth's  question,  viz.,  "  Where  are  the  advantages 
and  disadvantages  of  using  Steel  for  Structural  Puiposes — generally  speaking,  is 
it  desirable  to  use  steel  for  that  purpose  at  present  T  was  then  taken  up  for 
discussion.  The  members  present  not  having  had  time  to  investigate  the  subject 
as  much  as  they  would  have  liked,  the  question  was  laid  over  to  the  next  meeting. 

The  meeting  then  adjourned  to  the  first  Monday  in  May. 

C.  J.  A.  Morris,  Secretary. 


May  4,  1885  : — A  regular  monthly  meeting  was  held  at  8  o'clock  p.  M.,  Mr.  L. 
W.  Rundlett,  President,  presiding.  There  were  present  13  members  and  4 
visitors. 

The  application  for  membership  of  Mr.  Philip  Buchner,  Mr.  John  B.  Parkinson, 
Mr.  Andrew  W.  Munster  and  Mr.  Albert  R.  Starkey  having  been  approved  by 
the  Board  of  Directors,  ballots  were  taken  and  all  were  duly  elected.  The  Secre- 
tary was  directed  to  notifj'  them  of  same. 

A  letter  was  then  read  by  the  Secretary  from  Mr.  H.  G.  Prout,  Secretary  of  the 
Association  of  Engineering  Societies,  conveying  the  information  that  he  would 
furnish  members  of  the  St.  Paul  Society  any  books  on  the  catalogue  of  John  WUey 
&  Sons  at  25  per  cent,  discount  from  the  catalogue  pi'ices,  on  account  of  advertis- 
ing in  the  Journal. 

The  Secretary  read  the  report  of  the  directors  on  the  subject  of  Mr.  H.  S. 
Treherne's  letter  of  April  2,  relating  to  the  members  of  the  St.  Paul  Society 
becoming  associate  members  of  the  Architectural  Association  of  Minnesota,  the 
substance  of  which  was  •'  that  they  did  not  recommend  any  action  of  the  St.  Paul 
Society,  but  approved  of  a  membership  in  the  Association,  as  suggested  by  Secre- 
tary Treherne  in  his  letter. "    On  motion  the  report  was  accepted. 

Mr.  W.  S.  Morton  then  read  a  paper  on  the  subject  of  the  Falls  of  St. 
Anthony,  giving  a  description  of  the  principal  engineering  work  that  has  been  done 
there  for  its  i^reservation  and  utilization,  and  an  opinion  of  what  seemed  necessary 
yet  to  be  done  to  fully  accomplish  the  end  sought  by  the  construction  of  the  United 
States  concrete  dike  and  tunber  apron  on  the  face  of  the  Falls.  Mr.  Morton's  pajjer 
was  listened  to  with  great  attention,  and  when  read,  was  followed  bj'  Mr.  H.  E. 
Stevens,  who  read  a  report  which  was  made  in  1882,  to  the  Minneapolis  Mill  Co., 
by  J.  L.  Gillesijie,  Mr.  Joseph  Frizell  and  himself,  on  the  possibility  of  lowering 
the  tail  race  of  the  Washburn  B  Mill,  after  which  followed  a  lengthy  discussion 
on  the  subject  of  the  papers. 

The  Committee  on  Constitution  and  By-Laws  not  having  been  able  to  prepare  a 
report,  were  relieved  from  further  duty,  and  the  Secretary  was  appointed  such 
committee,  with  power  to  draw  up  and  submit  for  adoption  a  Constitution  and 
By-Laws  that  in  his  opinion  seemed  best  for  the  Society. 

On  motion  of  Mr.  Morton,  the  Librarian  was  authorized  to  purchase  a  book-case 
for  books  now  on  hand. 

On  motion  it  was  decided  not  to  take  up  the  question  of  "  Steel,  and  its  uses  for 
structural  purposes  "  until  next  meeting,  on  account  of  the  length  of  time  already 
spent.     The  meeting  then  adjourned  to  the  first  Monday  in  June. 

C.  J.  A.  Morris,  Secretary. 


Editors  repriniing  articles  from  this  journal  are 
requested  to  credit  both  the  Journal  a)id  the 
Society  before   which  such  articles  tvere  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

THE  THEORY  OF  CAR-STARTERS  : 

OR,    THE   MECHANICAL  STORAGE   OF   THE    ENERGY    LOST   IN     THE     STOPPING 

OF  A  STREET   CAR. 


By  J.  B.  Johnson,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  March  18, 1883.] 


INTRODUCTION. 

The  object  of  this  paper  is  to  discuss  some  of  the  fuudamental  require- 
ments that  must  be  fulfilled  in  the  storage  of  the  energy  of  a  moving  car,  to 
show  the  utter  impracticability  of  the  usual  devices  designed  for  this  pur- 
pose, and  to  point  the  way  to  a  possible  solution.  I  shall  also  give  the 
methods  of  analysis  and  some  of  the  most  useful  general  equations  in- 
volved, together  with  a  discussion  of  the  resilience  of  steel  under  uniform 
bending  stress. 

The  car-starter  is  a  modern  engineering  device,  designed  in  the  interest 
of  that  beneficent  society  with  the  alphabet  title,  being  to  the  sanguine 
and  ingenious  mechanic  as  fertile  in  its  promises  and  as  barren  in  its  re- 
sults as  the  perpetual  motion.  The  mechanical  difficulties,  such  as  the 
necessary  connections,  controlling  and  reversing  gear,  have  been  satisfac- 
torily solved,  and  many  industrious  and  ingenious  men  have  felt  that 
succesi  was  assured,  when,  on  applying  their  aeviceto  a  full-sized,  loaded 
car,  a  common  fate  has  come  to  all.  The  spring  breaks !  Not  baffled  by 
this  failure,  our  persistent  friend  thinks  he  has  but  to  get  a.  stronger 
spring,  when  all  will  go  well.  Alas,  he  has  started  for  the  pot  of  gold  at 
the  end  of  the  rainbow  !  For  we  propose  to  show  that  no  steel  spring 
that  may  ever  be  attached  to  an  ordinary  street  car  can  absorb  the  energy 
of  that  car  when  loaded  with  people  and  moving  at  the  rate  of  six  miles 
an  hour. 

There  are  probably  few  thoughtful  engineers  or  mechanics  who  have 
not  pondered  on  this  question.  When  one  sees  the  driver  vigorously  ap- 
plying the  brake  to  a  moving  car  in  order  to  destroy,  or  burn  up,  the 
energy  which  the  exhausted  team  have  imparted  to  it,  and  when  these 
much-abused  animals  are  then  called  upon  immediately  to  replace  this 
energy  which  the  driver  has  willfully  destroyed,  one  fancies  a  dreary 
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protest  on  the  part  of  the  brutes  against  this  reckless  waste  of  their 
precious  strength.  For  certainly,  if  the  energy  lost  in  stopping  a  car 
could  be  stored  and  utilized  in  starting  it  again,  then  the  team  spends  no 
more  energy  than  if  they  go  straight  ahead  and  never  stop.  I  have  seen 
but  one  device  that  was  designed  to  accomplish  this  desirable  end,  and 
that  was  the  invention  of  a  Mr.  Brown,  of  Chicago,  and  was  shovpn  at  the 
Railway  Exhibition  held  in  that  city  two  years  ago.  It  had  not  been  out 
long  enough  to  have  its  efficiency  tested  on  the  ordinary  street  car,  but 
the  model  was  of  full  size,  and  the  appliance  worked  to  perfection.* 
The  energy  was  stored  in  a  coiled  steel  spring  worked  about  one  axle,  and 
the  uncoiling  of  this  spring  was  to  start  the  car.  I  took  great 
interest  in  the  device,  for  I  had  not  been  vsithout  notions  on  the 
subject  myself,  and  it  seemed  to  me  this  man  had  satisfactorily  solved  the 
problem.  "When  he  came  to  apply  it  to  a  loaded  car,  however,  it  went 
the  way  of  all  car-starters  ;  that  is,  the  springs  broke  before  the  car  was 
stopped.  When  last  heard  from  my  friend  %vas  looking  after  a  stronger 
spring.  I  think  I  will  be  able  to  show  that  a  spring  large  enough  to  do 
this  work  must  weigh  not  less  than  3,400  pounds,  and  the  series  of  trials 
will  probably  be  a  veiy  long  one  before  a  spring  of  this  size  will  be  tried. 
It  will  also  be  shown  that  the  special  cross-section  and  length  of  the 
spring  is  of  no  consequence  so  long  as  the/or?/i  of  cross-section  remains 
the  same.  That  is,  if  the  cross-section  is  rectangular,  it  requires  a  given 
volume  of  steel  to  store  a  given  number  of  foot-pounds  of  energy,  for  a 
given  kind  of  stress,  whatever  the  length,  width,  and  depth.  This  volume 
will  be  found  to  vary,  however,  when  the  form  of  the  cross-section 
changes,  as  to  that  of  a  circle,  for  instance,  and  also  when  the  character 
of  the  stress  changes,  as  from  bending  to  torsion,  or  to  direct  stress, 
either  tension  or  compression. 

DISCUSSION. 

Energy  may  be  stored  in  an  elastic  solid,  as  steel,  in  three  ways:  1.  By 
direct  tension  or  compression,  producing  longitudinal  distortion  ;  2.  By 
bending,  producing  lateral  distortion ;  3.  By  torsion,  producing  cir- 
cumferential distortion.  In  this  discussion  we  shall  assume  the  energy 
to  be  stored  by  the  second  method  in  a  coiled  spring,  the  distortion  con- 
sisting in  a  further  bending  or  straightening  of  the  coil,  thus  changing 
its  radius  of  curvature  and  introducing  simply  a  uniform  bending  stress 
in  the  spring. 

Let  W  =  weight  in  lbs.  of  loaded  car,  including  weight  of  spring. 

Let  V   =  velocity  of  car  in  feet  per  second. 

Wv- 

Then  the  energy  of  the  moving  car  in  foot  lbs.  is    -     . 

If  the  car  be  supposed  to  be  moving  on  a  down  grade  such  that  the 
effect  of  the  grade  is  just  sufficient  to  overcome  the  resistance  to  motion, 

then  to  stop  the  car  we  must  do  ^^rr-  foot-pounds  of  work.     If  this  work 

b4 

be  exerted  by  a  steel  spring,  coiled  on  the  car  axle,  for  instance,  then  the 

movable  end  of  the  spring  must  pass  over  a  distance  D  under  an  average 

pull  Pa,  such  that 

P"^='^- « 

*  Here  the  working  of  this  special  design  was  shown  by  a  blackboard  drawing. 
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Since  the  resistance  of  the  spring  is  zero  when  it  first  begins  to  act> 
the  Uiaximum,  force  of  the  spi'ing  will  be  3  Pa  =  Pm. 

Pm  D  =       g9    •  (3) 

The  resistance  of  a  coiled  spring  to  a  circumferential  force  at  right  angles 
to  the  axis  of  the  coil  is  simplj'  its  resistance  to  bending  from  its  normal, 
coiled  condition.  Therefore,  when  such  a  spring  is  further  bent,  or 
straightened,  by  forces  acting  in  a  plane  perpendicular  to  its  axis,  it 
causes  a  bending  moment,  M,  acting  in  this  plane,  and  this  is  held  in 
equilibrium  by  the  moment  of  resistance,  Mo ,  of  the  spring.  Hence  we 
have  M  —  Mo . 

For  a  spring  of  uniform  rectangular  section,  its  moment  of  resistance  is 

Mo  =    -f  IV  t^  where 
6 

/  =  stress  per  sq.  in.  in  extreme  fibre  ; 

w  =  width  of  cross-section, 

t    =  thickness  of  "         " 

Also,  the  maximum  bending  moment 

Mm  =  Pm  V,  where 

Pm  =  maximum  circumferential  force  applied  to  one  end,  and  r  =  the 

radius  of  the  coil. 

.■.3Im^Pmr  =  -^-^^  (3) 

From  eq.  (1)  we  have 

D  = 


64  Pa 

which  gives  us  the  distance  throus;h  which  the  movable  end  must  be 
carried,  in  order  to  stop  the  car  or  to  absorb  all  its  energy.  But  since  D 
is  measured  around  on  the  circumference  of  the  coil,  the  angular  amount 
of  this  motion,  expressed  in  complete  revolutions,  is 

a »  or 

2  7f  r 

D  =  2Tcr  a,  (4) 

where  a  is  the  total  angular  movement  of  the  movable  end  of  the  spring, 
or  it  is  the  total  angular  deflection  in  the  entire  spring.     Now, 

M 
d  a  =  -^-v  d  s  (5) 

where 

S  =  length  of  arc  =  length  of  spring  in  this  case. 

E  =  modulus  of  elasticity  of  the  materials. 

I  =  moment  of  inertia  of  the  cross-section. 

Integrating  (5)  we  have 

M    pi  Ml  ,„> 

''  =  Wll   '^'  =  El  ^^^ 

where  ex  is  given  in  terras  of  r. 

If  we  wish  a  in  revolutions,  we  have: 
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From  (3)  we  have: 

fivP  I 

Since,  for  rectangular  cross-sections,  /  =  yV  wP.  we  have  : 

fl 

Combining  equations  (9)  and  (4),  we  have: 

^  =  -gTj-  m  inches  (10) 

Combining  (10)  with  (1),  we  have: 

•W  V^\  2Pa  flv       ] 


64  y  Et         j 

or  from  (2)  ]-  (11) 


64  y  Et         J 

Wiiere  the  energy  is  expressed  in  inch-pounds,   v  being  expressed  in 
inches  per  second. 
From  (11)  and  (3): 

'W  v-\       f  2 

-6r-)=6S;«'^^  (12) 

all  in  inch-pounds,  for  rectangular  section. 

The  left  member  of  eq.  (12)  is  the  energy  absorbed  and  the  right  the 

measure  of  this  energy  in  terms  of  the  volume  of  the  spring  and  the 

stress  on  the  extreme  fibres.     If  we  wish  this  in  terms  of  the   weight  of 

the  spring  and  in  foot-pounds,  vve  divide  by  12  and  substitute  the  value 

of  the  weight,  which  is 

W  -  ^lU. 
~    8  6  ' 

whence  the  energy  that  the  sjjring  may  absorb  is 

G  =  <^v]  ^  ^^  foot-pounds.  (13) 

If  /  =  60,000,  and  E  =  30,000.000,  we  have 

G  =  G  W; 

or,  but  6  foot-pounds  of  energy  can  be  stored  in  1  pound  of  steel  spring, 
when  the  extreme  fibres  have  a  computed  stress  of  60,000  pounds  per 
square  inch. 

If  the  stress  on  the  extreme  fibre  may  be  120,000  pounds,  then  one 
pound  of  steel  w^ill  store  24  pounds  of  energy,  and  if  a  spring  may  be 
strained  to  240,000  pounds  on  the  extreme  fibres,  then  one  pound  of  the 
spring  will  store  96  foot-pounds  of  energy.  It  has  been  found  from  ex- 
periment that  small  springs,  such  as  are  used  for  clocks,  may  be  strained  to 
this  amount  without  injury,  but  it  is  not  probable  that  large  S'  rings  could 
be  made  of  any  such  strength.  I  have  therefore  limited  this  discussion 
to  a  stress  on  the  extreme  fibres  of  60,000  pounds  per  square  inch.  The 
Watertown  experiments  on  steel  springs  show  that  the  best-tempered 
steel  1  inch  thick  may  have  an  elastic  limit  as  high  as  120,000  j^ounds  per 
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square  inch.     If  this  stress  be  allowed,    the   weight  of   spring  required 
would  be  one-fourth  that  taken  in  this  paper. 
For  a  spiral  spring  of  round  section,  eq.  (12)  takes  the  form — 

Energy  stored  =  ^-^i,  n  r\'^  I, 

where  tc  i\''l  represents  the  volume  of  the  spring  whence  we  see  that  a 
round  spring  will  absorb  by  bending  only  f  as  much  energy  as  a  spring  of 
rectangular  cross-section. 

Since  the  energy  stored  is  always  proportioned  to  the  volume  of  the 
spring,  we  see  that  the  special  dimensions  are  not  significant  so  long  as 
the  volume  and  form  of  cros^-section  remain  the  same.  We  need  not 
make  a  special  discussion,  therefore,  for  various  cross-sections,  but  can 
discuss  for  volume  or  weight  alone.  This  simplifies  the  question  very 
much.  It  may  be  said,  in  passing,  that  this  principle  holds  in  all  cases  of 
resilience  ;  the  dimensions  may  vary  at  will,  but  so  long  as  the  volume 
and  form  of  section  remain  constant,  the  energy  that  may  be  absorbed  is 
constant,  it  only  is  necessary  to  find  the  modulus  for  different  forms  of 
cross-section  and  for  different  kinds  of  stresses. 

We  are  now  prepared  to  compute  the  weight  of  a  steel  spring  designed 
to  store  a  given  amount  of  energy,  when  the  spring  is  coiled,  and  when 
the  energy  is  stored  by  inducing  a  bending  stress\ 

For  steel,  let/  be  taken  as  60,000  lbs.  per  sq.  in. 

Let  E  =  30,000.000. 

Then  we  have,  for  any  steel  spring,  strained  as  above  : 

^  =  ^'^  {~6t)  =  ^^^'' 
where  the  left  member  is  the  energy  of  the  moving  car  in  inch-pounds. 
Whence  Wv^  =  55.300  W  (14) 

for  steel  under  uniform  bending  stress  of  rectangular  cross-section,  giv- 
ing a  computed  stress  on  the  extreme  fibres  of  60,000  pounds  per  square 
inch. 

Now,  W  includes  the  car  and  passengers,  which  we  may  call  W",  and 
also  the  weight  of  the  spring,  or  W,  or 

W  =  W  +  IF", 
and  we  have 

(\V'  _^  W")  V-  =  55,300  W, 
or 

'V' =  i^^^S^)^"'  (15) 


(^55,300 
where  v  is  in  inches  per  second. 

From  eq.  (15)  we  have  : 

When  the  velocity  of  the  car  is  less  than  the  square  root  of  55,300,  or 
less  than  20  feet  per  second,  or  than  13.6  miles  per  hour,  the  weight 
of  car  and  passengers,  W",  may  have  a  finite  value,  but  as  the  velocity 
approaches  this  limit,  W"  diminishes,  and  when  the  velocity  has  reached 
this  limit  the  weight  of  the  spring  is  infinite  for  any  finite  value  of  IF". 
If  now  W"  is  also  zero,  then  W  is  indeterminate  ;  that  is,  at  this 
velocity,  if  the  total  moving  load  is  the  weight  of  the  spring  alone,  it 
may  just  store  the  energy  due  to  its  own  motion,  whatever  its  size. 
When  its  velocity  is  greater  than  this  it  could  not  store  the  energy  due 
to  its  own  weight,  since  IF"  or  the  additional  load  now  becomes  negative. 
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If  we  now  take  the  case  of  a  St.  Louis  car,  weighing  4,600  pounds, 
loaded  with  65  passengers  (a  daily  maximum  on  one  line),  weighing 
9,100  pounds,  or  a  total  of  13,700  pounds,  we  obtain  from  eq.  (15)  for  W^ 
a  value  of  3,400  pounds,  or  a  steel  spring  under  bending  stress  of  suf- 
ficient size  to  store  the  energy  of  this  load^  d  car  on  a  down  grade  just 
sufficient  to  overcome  the  frictional  resistances,  weighs  a  ton  and  alialf, 
or  it  contains  seven  cubic  feet  of  metal.  It  is  very  obvious  that  no  such 
spring  ever  would  or  could  be  attached  to  a  common  horse-car.  For  the 
sake,  however,  of  showing  the  utility  of  the  equations  tliat  have  been 
developed,  we  will  proceed  to  jiroportion  such  a  spring  to  meet  certain 
requirements. 

Three  lines  of  investigation  are  now  open  to  us  : 

1.  We  may  determine  a  coil  of  a  given  radius  and  length  which  will 
absorb  all  the  energy  of  the  moving  car.  and  compute  the  thickness  of 
the  section. 

2.  We  may  determine  a  spring  which  will  absorb  the  enei'gy  of  the 
car  without  causing  the  wheels  to  slide,  and  tiud  its  cross-section  and 
length. 

3.  We  may  take  a  sprmg  of  practicable  size  and  shape,  and  so  dimen- 
sion it  as  to  just  come  to  its  maximum  working  stress  when  the  wheels 
are  made  to  slide. 

Each  of  these  will  be  discussed. 

1.  Suppose  the  coil  may  be  15  inches  in  diameter  (centre  to  centre  of 
opposite  sections)  and  50  inches  lona;.  Then  its  superficial  area  will  be 
about  3,000  square  inches  when  due  allowance  is  made  for  spacing 
between  sections.  Since  the  weight  of  this  spring  must  be  3,400  pounds, 
its  volume  is  12,240  cubic  inches  :  therefore  our  spring  must  be  about 
six  inches  thick. 

To  coil  such  a  spring  is  of  course  impossible;  but  if  this  could  be  done, 
what  would  the  stress  on  the  connections  be  when  this  spring  is  wound 
up? 

From   eq.  (10)  we  have — 

2  fl  r 
D  =   "V. ,    =  ^  inches, 
-t,  t 

as  the  distance  through  which  the  movable  end  of  the  spring  will   move 
with  reference  to  the  fixed  end. 

To  find  what  the  pull  is  on  the  end  of  the  spring  when  wound  up,  we 
have — 

fWv-\ 
Energy  stored  =  yV    =  245,000  inch-pounds. 


64 

But  this  is  equal  to  the  average  pull  on  the  spring  into  the  distance 
moved  over,  and  since  the  maximum  pull  is  twice  the  mean  pull,  we 
have — 

P^,^  =  245,000  inch-pounds, 
o 

or  Pm=  61,000  pounds, 
as  the  maximum  pull  of  the  spring  when  the  car  stops.   This  is  a  circum- 
ferential force  acting  with  a  radius  of  7^  inches,  and  hence  its  turning 
moment  is  457,000  inch-pounds.    But  is  it  possible  to  have  so  large  a  turn- 
ing moment  exerted  on  our  axle  without  its  causing  the  wheels  to  slip? 
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If  the  radius  of  the  car  wheel  is,  say,  15  inches,  if  the  maximum  load  on 
one  axle  is  8,500  pounds,  and  if  the  coefficient  of  friction  be  taken  as  one- 
half,  as  it  may  be  on  street  tracks,  then  the  wheels  will  slip  under  a  mo- 
ment of  63,700  inch-pounds,  or  about  14  per  cent,  of  the  moment  found 
necessary  to  store  the  energy  of  the  car  with  the  spring  as  here  computed. 
This  new  limitation  leads  us  to  the  discussion  of  the  second  case. 

2.  To  store  the  energy  of  the  car  without  causing  the  wheels  to  slip, 
what  shall  be  the  dimensions  of  the  spring  ? 

Since  the  maximum  moment  that  can  be  exerted  on  one  axle  is  found 

to  be  63,700  inch-pounds,  we  have  P,n  r  =  63,700,  where  r  is  the  radius 

of  the  coiled  spring.     If  this  be  taken  as  7i  inches,  as  before,  then  Pm  — 

8.500  pounds. 

P     D 
But  — —   must  equal  the  energy  of  the  car,  or  245,000   inch-pounds; 

whence, 

From  eq.  (10) 


Z)  =  58  inches. 


D 


_  2  /■  /  r 


Et 

Where  all  is  now  known  except  /  and  t,  evidentlj^  either  can  be  chosen 
at  pleasure.  If  f  =  H  inches,  then  I  must  be  2,700  inches  =  225  feet  long. 
The  width  of  the  section  is  yet  to  be  found. 

From  eq.  (3)  we  have — 

w  =  ^!!LZ  =  3  inches. 
fP 

If  now  this  spring  be  coiled  as  closely  as  possible  with  a  7i-iuch  radius, 
it  would  make  a  coil  180  inches  or  15  feet  long.  One  end  of  the  coil 
would  move  through  a  distance  of  58  inches  with  reference  to  the  other 
end,  or  it  would  make  about  IJ  revolutions  before  the  spring  would  be 
wound  up. 

The  difficulty  here  is,  in  addition  to  the  weight  of  the  spring,  its 
unwieldy  size,  which  would  prohibit  its  attachment  to  a  street  car, 

3.  The  third  form  of  this  problem  is  to  take  such  a  size  and  form  of 
spring  as  may  be  attached  to  a  car,  and  so  proportion  it  that  it  will  be 
just  wound  up  when  the  \vheels  slip  under  their  heaviest  load. 

Let  us  assume  that  a  500-pound  spring  is  as  large  as  is  desirable.  Let 
this  be  coiled  about  one  axle,  in  a  coil  15  inches  in  diameter  and  40  inches 
long.  This  would  give  a  spring  1  inch  thick.  The  width  of  the  cross-sec- 
tion would  be  found  from  eq.  (3)  to  be  6|  inches  for  a  maximum  circum- 
ferential pull  of  8,500  pounds  on  tlie  end.  which  has  been  found  sufficient 
to  cause  the  wheels  to  slip  under  their  greatest  load. 

The  energy  that  would  be  absorbed  by  this  spring,  when  brought  to  its 
maximum  stress  of  60,000  j^ounds  per  square  inch,  would  be,  fromeq.  (13) 
3.000  foot-pounds,  or  only  about  15  per  cent,  of  the  total  energy  of  the 
moving  car.  The  other  85  per  cent,  would  go  to  waste,  as  it  does  now. 
Certainly  it  would  not  be  worth  while  to  attach  an  apparatus  that  could 
store  only  so  small  an  amount. 

The  three  special  solutions  of  the  general  problem  have,  therefore,  all 
led  to  failure  when  the  energy  was  to  be  stored  in  a  steel  spring. 

Evidently  the  solution  of  the  problem,  if  it  comes  at  all,  must  come 
through  the  use  of  a  light  and  highly  elastic  material.     We   have  such  a 
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material  in  air.     Its  weight  is  insignificant,  and   it   may   be  indefinitely 
compressed . 

Energy  stored  by  compressed  air. — If  air  be  compressed  at  constant 
temperature,  the  energy  absorbed  is  : 

Gt=  I      i^  f^  ^ 

where 

Gt  is  energy  for  constant  temperature; 

p  is  the  intensity  of  the  pressure; 

Vq  and  Vj  the  volumes  at  beginning  and 

at  end  of  the  compression  respectively. 

But  when  the  temperature  is  constant  we  have  p  v  =  C  or 

C 

V 

/.Uj  dv  Ui  Vi 

.■.Gt  =  C  I       —  =  0  loge  —  =  3.3  C  log.  —,  (16) 

where  the  log.  is  taken  in  the  common  system. 

If  we  take  jj  =  15  pounds  per  square  inch  =  2,160  pounds  per  square 
foot,  and"if 'WB"  take  v  —2.5  cubic  feet,  then 

pv=C=  5,400. 

If  we  now  assume  our  2.5  cubic  feet  of  air  to  be  compressed  to  0.25 

cubic  feet,  then  ^  =  — -  and  log.  0.1  =  —  1. 

Vq       10 

Therefore  eq.  (16)  becomes  Gt  =  2.3  x  5.400  x  -  1  =  —  13,420  foot- 
pounds.    The  final  pressure  would  here  be  150  pounds  per  square  inch. 

The  minus  sign  indicates  that  the  work  is  done  on  the  gas. 

If  we  now  assume  that  the  compression  occurs  without  loss  of  heat,  or 
along  an  adiabatic  curve  (condition  of  constant  entropy)  instead  of 
along  an  isometric  curve  (condition  of  constant  temperature),  we  have  : 

where  K  is  the  ratio  of  the  specific  heat  of  air  at  constant  pressure  to  the 
specific  heat  at  constant  volume  =  1.41. 

For  the  conditions  assumed,  eq.  (17)  assumes  the  form-- 

Ge  =  '^  [l  -  (10)  ^'^^J  =  20,700  foot-pounds. 

The  final  pressui-e  would  be  385  pounds  per  square  inch.  The  real  work 
done,  or  energy  absorbed,  will  be  somewhere  between  13,400  and  20,700 
foot-pounds,  depending  on  the  amount  of  heat  allowed  to  escape.  Sup- 
pose we  say  it  will  be  18,000  foot-pounds.  If  no  heat  escaped  the  result- 
ing temf)erature  would  be  804  when  the  initial  temperature  w^as  freez- 
ing. The  amount  of  heat  generated  would,  however,  be  small,  so  that 
if  it  all  pa?sed  into  the  cylinder  at  the  compressed  end  it  would  raise  the 
temperature  of  this  J  inch  shell  only  about  13  degrees  F.  This  heat 
would  mostly  be  absorbed  by  the  shell  while  the  car  was  standing,  so  that 
when  it  came  to  be  started  the  available  energy  would  be  only  the  12,000 
foot-pounds  for  constant  temperature.  The  loss  from  this  cause  would 
therefore  be  about  one-third  the  energy  of  the  moving  car.     The  other 
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two-thinls,  or  12,000  foot-pounds,  could  be  utilized.  If  a  larger  cylinder 
were  used  and  the  air  not  s )  highly  condensed,  the  loss  would  be  less;  but 
the  additional  size  and  weiglit  of  the  appliance  would  offset  the  advan- 
tage, perhaps.  The  cylinder  here  discussed  is  5  feet  long  and  10  inches 
in  diameter,  of  i  inch  wroughc-iron,  and  with  its  fixtures  need  not  weigh 
more  than  250  to  300  pounds.  The  movement  of  the  piston  would  be  54 
inches  for  the  maximum  load,  and  this  could  be  geared  in  such  a  way  as 
to  stop  the  car  in  any  desired  distance. 

This  is,  I  conceive,  the  only  possible  solution  of  the  problem.  The 
question  now  arises.  Is  it  worth  the  trouble  ?  The  vis  viva  or  energy  of 
our  moving  car,  with  a  load  of  65  passengers,  which  could  be  stored  on 
level  ground,  is  perhaps  not  more  than  12,000  foot-pounds,  only  two- 
thirds  of  which,  or  8,000  foot  pounds,  would  be  available  for  starting. 

But  this  is  the  saving  on  the  maximum  loaded  car.  If  the  average 
load  be  25  passengf^rs,  then  the  energy  that  might  be  stored  on  level 
ground  would  be  but  about  7,200  foot-pounds,  with  but  5,400  foot-pounds 
available  for  starting.  This  would  be  equivalent  to  one  horse-power 
exerted  for  ten  seconds,  or  to  the  power  of  two  horses  for  five  seconds. 
If  we  assume  20  stops  for  the  average  car  on  the  round  trip,  and  each 
horse  makes  two  round  trips  of  14  hours  each  per  day,  then  the  total  sav- 
ing for  each  horse  is  3J  minutes'  labor  each  day,  or  about  two  per  cent, 
of  his  total  expenditure.  When  we  remember  that  this  starting  is  done 
at  a  low  speed,  when  the  exhaustion  is  not  so  great  as  the  same  amount 
of  work  is  at  higher  speeds,  we  may  well  question  the  utiUty  of  any 
car-starting  device,  even  though  there  were  no  natural  impediments  in 
the  way  of  its  application. 

It  must  be  seen  that  the  work  of  starting  a  car  is  much  greater  than 
the  saving  above  indicated,  and  that  the  three  minutes'  power  per  day 
for  each  horse  is,  perhaps,  less  than  half  the  power  now  expended  in 
starting  the  cars. 

The  cost  of  the  animal  power  in  horse  cars  is  but  about  30  per  cent,  of 
the  total  running  expense,  so  that  a  saving  of  two  per  cent,  in  animal 
power  would  be  a  saving  of  but  six-tenths  of  one  per  cent,  in  running 
expenses.  Still,  this  might  be  sufficient  to  warrant  the  outlay  if  there  were 
no  disadvantages  and  nothing  to  offset  this  saving.  There  is  such  an  off- 
set in  the  weight  of  the  appliance  itself.  Suppose  this  to  be  800  pounds  ; 
this  is  about  four  jier  cent,  of  the  average  load  The  increased  tax  on  the 
team  is  therefore /o»r  jjcr  cent,  and  the  saving  not  more  than  two  per 
cent.,  leaving  a  net  addition  to  the  animal  power  of  two  per  cent. 

CONCLUSIONS. 

1.  That  it  is  quite  impracticable  to  store  the  energy  of  a  loaded  street 
car,  moving  at  the  rate  of  six  n  iles  per  hour,  in  a  steel  spring. 

2.  That  a  considerable  portion  of  this  energy  may  be  stored  in  a  small 
cylinder  of  compressed  air  and  made  available  for  starting  the  car. 

3.  That  the  increased  expenditure  of  animal  power  necessary  to  trans- 
port the  apparatus  would  be  more  than  the  saving  that  could  possibly  be 
effected  by  storing  the  energy  of  the  moving  car. 

.Note.— Since  the  above  was  written  an  article  has  been  published  by  Mr.  Wilfred 
Lewis,  in  the  Proceeding?  of  the  Engineers'  Club  of  Philadelphia,  Vol.  IV.,  No.  4,  on 
"The  Resilience  of  Steel."    He  describes  some  experiments  made  for  the  purpose  of 
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testing  the  possibility  of  storing  energy  in  steel  springs  for  the  j^ropulsion  of  street 
cars.  The  invention  is  described  in  the  New  York  Scientific  Times,  of  Dec.  1-^,  1883,  as 
a  "  wonderful  system,  by  which  horses  on  street  car  lines  will  be  abolished."  The  work- 
in  .r  parts  were  to  be  of  phosphor-bronze,  and  tht- re  were  to  be  80  steel  springs,  each 
3  inches  wide  by  3-32  inch  thick,  and  00  feet  long,  which  were  to  be  wound  up  in  two 
minutes  by  a  stationary  engine  at  the  depot,  and  the  cai'  started  on  its  circuit.  A  saving 
clause  was  introduced  in  the  shape  of  a  '  powerful  hand-winding  arrang»-ment  which  the 
engineer  may  apply  while  the  car  is  in  monon,  and  thus  reach  the  station  without 
delay!"  And  [his  scheme  was  practically  carried  to  completion  so  far  as  the  mechanism 
went,  in  this  the  scientific  centre  of  our  great  scientific  age!  The  King  of  (he  Hottentots 
would  have  hitched  his  engineer  to  the  car  at  once  and  told  him  to  pull  it,  and  he  would 
have  been  much  the  wiser  man.  Mr.  Lewis  was  in  no  way  responsible  for  the  scheme, 
however. 
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Minnesota  is  quite  well  supplied  with  building  stone,  probably  to  a 
greater  extent  than  any  other  Western  State.  The  different  formations 
which  furnish  this  stone  are  not  uniformly  distributed  over  the  counti-y. 
The  western  half  of  the  State  is  entirely  destitute  of  rock  suitable  for 
building;,  but  in  the  eastern  part  where  the  demand  is  greatest,  and  within 
easy  access  of  this  city,  there  are  some  ten  or  twelve  varieties  of  stones, 
all  good — some  of  them  excellent  and  Avell  adapted  for  the  finest  struct- 
ures. 

It  is  only  for  a  comparativeh"  recent  period  that  we  have  realized  the 
excellence  of  some  of  these  stones  and  introduced  them  into  woi-k.  The 
great  activity  in  building  during  the  last  three  or  four  years,  and  the 
demand  for  something  better  than  that  before  used,  has  served  to  place  in 
the  market  a  class  of  material  far  superior  to  that  which  had  been  used 
during  ovu-  pioneer  era  of  building.  It  is  now  a  fact  genexally  admitted, 
that  whatever  other  favorable  qualities  any  building  stone  possesses,  it 
must  be  frost-proof  to  withstand  the  severity  of  our  climate.  Our  most 
available  stone,  and  the  one  used  for  the  longest  period,  has  proved  to  be 
a  failure  in  this  respect.  Time  only  can  determine  which  of  the  other 
Minnesota  building  stones  possesses  this  requisite  to  the  greatest  extent. 
A  favorable  architectural  appearance,  durability  and  cheapne.^s  are  the 
most  desirable  features  of  aiiA'  building  stone.  In  theee  respects,  Min- 
nesota possesses  several  that  cannot  be  excelled. 

The  northeastern  part  of  the  State  is  of  azoic  formation,  and  abounds 
in  granites.  This  rock  is  found  in  the  country  adjacent  to  Lake  Supe- 
rior, along  the  upper  Mississippi  River,  in  Stearns  and  Benton  counties, 
on  the  St.  Croix  River  and  generally  throughout  the  whole  northern  part 
of  tlie  state,  where  it  exists  in  several  different  varieties  and  in  inex- 
haustible quantities.  In  most  localities,  it  is  too  remote  from  lines  of 
transportation  to  be  of  any  value.  The  granite  from  the  quarries  at  or 
nt^ar  the  upper  Mississippi  is  the  only  kind  now  used  for  building  pur- 
poses. 

Minnesota  is  richest  in  limestones.  There  are  several  fine  varieties  of 
these  which  are  found  in  the  eastern  and  southeastern  parts  of  the  State 
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along  the  Mississippi  River,  from  Minneapolis  to  Winona  and  below,  in 
the  interior  of  the  southeastern  part  of  the  State,  in  Fillmore,  Dodge 
and  Steele  counties,  and  along  the  lower  Minnesota  River,  from  Man- 
kato  to  Fort  Snelliug.  Most  of  these  are  magnesian  limestones  or  dolo- 
mites, containing  about  40  per  cent,  of  magnesia  and  fifty  per  cent,  of 
lime,  and  all  of  them  belong  to  the  different  groups  of  the  Silurian 
system.  No  limestones  are  found  anywhere  north  of  Minneapolis  or 
west  of  Mankato. 

Three  or  four  ditferent  varieties  of  sandstone  aie  found  in  the  State,  or 
near  at  hand.  All  of  them  are  good  but  they  are  not  found  in  very 
great  quantities.  Only  one  of  tJiem.  the  Lake  Superior  sandstone,  has 
been  used  to  any  great  extent.  All  of  these  sandstones  belong  to  the 
lowest  geological  strata. 

The  whole  western  part  of  the  State  is  a  prairie  region,  entirely  covered 
with  drilt,  and  contains  very  few,  if  any,  outcroppings  of  rock  of  any 
kind.  The  few  varieties  that  are  found  in  the  southwestern  portion  are 
of  a  very  hard  structure,  extremely  difficult  to  work,  and  possess  no  value 
as  building  stone. 

In  the  following  discus-ion,  each  stone  is  designated  from  the  locality 
where  it  is  found.  For  all  knowledge  relating  to  the  geological  position, 
the  chemical  composition,  and,  to  a  great  extent,  the  crushing  strength  of 
these  stones,  I  am  indebted  to  the  Geological  Reports  of  Professor  ^Vin- 
chell,  where  the  subject  is  mostnbly  treated.  General  Gillmore's  Report 
on  the  Building  Stones  of  the  United  States  has  also  been  consulted. 
The  weights  and  specific  gravities  are  my  own  figures. 

Most  of  these  stones  are  used  more  or  less  bv  builders  in  this  city.  The 
Kasota  and  Frontenac  stones  have  been  in  use  here  for  a  number  of 
years.  Others  have  been  introduced  later,  as  the  quarries  throughout 
the  State  have  been  developed,  and  transportation  lines  opened.  Their 
cost,  delivered  here  in  the  city,  is  governed  by  freights  and  the  quanti- 
ties required.  They  are  sold  by  the  cubic  yard,  cubic  foot,  and  by  the 
lineal  foot,  according  to  the  class  of  masonry  for  which  they  are  required. 
Selected  stone  is  sold  at  a  much  higher  price. 

SAUK  RAPIDS   GRANITE. 

In  a  list  of  the  building  stones  of  Minnesota  the  granites  would  nat- 
urally be  placed  first, — the  first  of  all  rocks  in  geological  age  and  forma,- 
ti.n.  Probablj'  one-half  of  the  whole  State  is  underlaid  with  granite 
rocks  which  are  exj^osed  above  the  drift  in  numerous  localities,  mostly 
in  the  northeastern  part  of  the  State.  Th^se  granites  vary  considerably 
in  color,  composition  and  lithological  appearance,  and  embrace  the  dark- 
colored  granite  of  Lake  Sujierior,  the  gray  Sveniie  of  the  upper  Missis- 
sippi River,  the  trap  rock  of  the  St.  Croix  River,  and  the  coarse  red  stone 
of  the  upper  Minnesota  River  valley.  They  are  all  called  granites,  as 
they  are  of  igneous  formation  and  crystalline  structure.  Most  of  them 
are  not  adapted  to  building  on  account  of  extreme  hardness,  irregular 
cleavage  and  difficulty  in  quarrying  and  working. 

The  granite  from  the  upper  Mississippi,  commonly  called  Sauk  Rapids 
granite,  is  the  only  rock  of  this  class  that  has  been  used  to  any  extent  in 
this  city,  and  with  which  we  are  acquainted.  Most  of  this,  if  not  all,  is 
obtained  from  the  quarries  of  Messrs.  Breen  &  Young,  at  East  St.  Cloud. 
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It  is  also  found  at  other  localities  throughout  that  part  of  the  State. 
Saulpaugh  Bros,  own  qviarries  of  the  same  rock  at  Watab,  Benton  County 
The  piers  of  the  Bismarck  bridge  were  built  of  stone  from  the  latter  place. 

This  rock  is  a  gray  granite,  or  more  properly  a  Syenite,  made  up  of 
quartz  and  feldspar,  without  the  elementarj^  Tiiineral  mica  which  enters 
into  the  composition  of  granite  proper.  From  one  half  to  three-fourths 
is  quartz.  Tlie  remainder  is  mostly  feldspar.  There  is  very  little  horn- 
blende. Sauk  Rapids  granite  is  a  very  hard  rock,  rather  difficult 
to  dress  and  quarry,  but  when  once  placed  in  work  will  last  forever. 
Its  characteristics  render  it  a  very  valuable  building  material,  where 
anything  of  a  substantial  nature  is  required.  It  is  a  stone  of 
great  strength.  As  tested  by  General  Gillmore,  it  was  found  to 
sustain  a  pressure  of  16,000  lbs.  to  the  square  inch.  Professor  Winchell 
gives  the  crushing  weight  from  21.500  lbs.  to  28,000  lbs.  It  is  evident, 
from  these  figures,  that  Minnesota  granite  compares  favorably  with  the 
granites  of  the  New  England  States,  The  strength  of  Quincy  granite  is 
from  14,750  lbs.  to  17,750  Ib^.  Sauk  Rapids  granite  ranks  above  most  of 
the  one  hundred  specimens  of  rock  of  this  cla«s  gathered  from  all  parts 
of  the  Eastern  States,  and  tested  by  General  Gillmore.  It  is  impregnab'e 
to  the  disintegrating  effects  of  frost,  alternate  dryness  and  moistuie,  and 
atmospheric  action.  The  ratio  of  absoi'ption  is  1-239.  Carbonic  acid 
does  not  affect  it.  It  is  susceptible  of  a  fine  polish,  which  gives  it  value 
for  works  where  architectural  effect  is  wanted,  such  as  columns  for 
fronts  and  for  cemetery  works.  For  the  facings  of  bridge  piers  to  the 
water  line,  and  in  ice  breakers  and  pier  copings,  it  is  unsurpassed.  In 
trimmings  to  bui'dines  of  a  substantial  character,  in  water  tables,  sills 
and  columns,  no  better  stone  can  be  obtained.  The  city  authorities  here 
are  now  using  it  for  curbstones  on  a'l  streets  which  are  paved,  a=s  it  is 
about  the  only  stone  that  will  endure  the  wear  and  tear  of  street  traffic, 
and  the  intense  cold  of  our  winters. 

This  stone  can  be  obtained  from  the  quarries  in  almost  any  size  and 
shape.  It  is  first  broken  by  blasting,  and  then  brought  near  the  re- 
qun-ed  shape  by  plug  and  feather.  The  smaller  pieces  are  worked  into 
paving  blocks.  Its  cost,  as  given  by  Me.ssrs.  Breen  &  Young,  is  as  fol- 
lows for  stone  delivered  in  St.  Paul  :  Bridge  stone  in  the  rough,  $12  per 
cubic  yard  ;  trimmings,  cut  and  dressed,  $1.50  pt^r  linear  foot ;  curb- 
stones. $1.05  per  linear  foot  ;  paving  blocks,  $75  per  1,000. 

The  gray  variety  of  the  Sauk  Rapids  granite  is  altogether  the  best  stone 
we  have  for  important  work.  Its  extreme  hardness  and  difficulty  of 
dressing  make  it  the  most  expensive,  though  its  cost  is  not  so  great  as  to 
exclude  it  from  structures  of  a  substantial  character.  The  composition  and 
physical  qualities  of  this  stone  are  all  so  favorable  that  it  must  always 
rank  first  as  to  durability.  All  granites  are,  howiver,  less  durable  under 
exposure  to  fire — as  experience  proves— than  other  stones  of,  in  other 
respects,  an  inferior  character.  The  red  granite  contains  less  quartz  and 
more  feldspar.  It  is  not  so  hard  or  difficult  to  dress  as  the  gray  variety, 
but  is  inferior  to  it  in  quality,  and  it  is  more  susceptible  to  decomposition 
from  the  action  of  frost  and  moisture. 

DULUTH   GRANITE. 

Th?  Diiluth  granite,  or  as  it  is  usually  called  "  gabbro,"  is  a  dark-col- 
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ored  rock,  extremel}^  hard  in  texture,  and  abounds  at  Duluth  and  the 
surroundiog  country.  It  is  made  up  mosrlj-of  feldspar  and  horn-blende, 
and  usually  contains  a  large  percentage  of  the  oxide  of  iron.  Unlike  the 
other  granites,  it  contains  no  quartz  in  its  composition,  and,  strictly 
speaking,  it  is  not  a  granite.  The  quantity  of  iron  is  sometimes  so  large 
in  this  rock  that  io  may  be  considered  an  iron  ore  of  low  degree.  It  is  a 
very  hard  and  expensive  stone  to  quarry  and  dress,  which  destroys  its 
value  as  a  building  material.  Its  use,  so  far,  has  only  been  local.  At 
Duluth  it  has  been  used  in  foubdation  walls  and  trimmings.  Its  i^rinci- 
pal  use  at  present  is  for  monuments  and  other  cemetery  works.  As  it 
will  take  a  high  polish,  it  is  well  adapted  for  that  purpose.  It  is  the 
heaviest  of  all  Minnesota  scones.     Its  weight  is  175  lbs.  per  cubic  foot. 

SIOUX  FALLS  GRANITE. 

The  rock  known  as  Sioux  Falls  granite,  or  "jasper,"  is  found  in  the 
southwestern  part  of  the  State,  in  Cottonwood.  Pipestone  and  Rock  coun- 
ties, and  on  the  Big  Sioux  river  in  Dakota.  It  is  also  found  in  large  quan- 
tities on  the  Minnesota  River  at  New  Ulm.  It  is  a  red  quartzite  or  meta- 
morphic  sandstone,  and  consists  mostly  of  quartz — about  85  percent.  Its 
reddish  color  is  due  to  a  small  amount  of  the  oxide  of  iron.  The  crushing 
weight  of  this  stone  is  28,000  lbs.  It  is  undoubtedly  the  hardest  rock 
known  in  this  country.  Though  it  is  the  only  stone  of  any  kind  found  in 
the  whole  southwestern  part  of  the  state,  it  does  not  appear  to  have  been 
used  to  any  great  extent.  Its  extreme  hardness  and  the  expense  of  dress- 
ing and  quarrying  it,  render  it  unfit  for  general  masonry.  It  has  been 
used  some  in  foundation  walls.  The  Queen  Bee  flouring  mill  at  Sioux 
Falls  is  built  of  it  Very  little  of  it  has  been  shipped  to  this  city.  The 
best  use  to  which  it  can  be  applied  is  in  street  paving:  and  if  the  hardest 
material  is  considered  the  best  for  paving,  this  rock  must  take  precedence 
above  all  others  for  that  purpose.  It  is  also  well  adapted  for  ornamental 
trimminas,  monuments,  furniture,  etc.,  for  it  has  a  fine  appearance 
when  polished. 

There  are  large  quantities  of  granite  found  along  ihe  Minnesota 
River  from  Redwood  Falls  to  Bigstone  Lake.  At  Granite  Falls,  Monte- 
video and  other  localities  it  exists  in  immense  quantities.  The  bottom 
lands  of  the  river  at  these  points  are  entirely  covered  with  it.  This  is  a 
stone  softer  than  the  Sauk  Rapids  granite,  having  less  quartz.  It  is 
a  coarse-grained  red  granite,  breaks  and  cleaves  into  irregular  blocks  and 
is  diflicult  to  quarry  into  any  shape  suitable  for  building.  It  appears  to 
be  little  used  in  that  part  of  the  country  and  has  no  market  value, 

LAKE   SUPERIOB  SANDSTONE. 

Next  in  an  ascending  order  above  the  granites  come  the  sandstones. 
Rocks  of  this  class  are  found  in  Minnesota  at  Lake  Superior,  on  the 
Grindstone  River,  at  localities  on  the  Mississippi  River,  at  Jordan  on  the 
Minnesota  River  and  as  a  quartzite  at  New  Ulm  and  other  places  in  the 
southwestern  part  of  the  State.  All  of  these  rocks  belong  to  the  Pots- 
dam formation,  the  first  stratified  rock  known  in  geology.  As  they 
differ  apparently  in  their  characteristics,  they  are  commonly  known  as 
different  stones  and  under  their  local  names.  Most  of  them  are  good 
building  material,  and  are  destined  to  an  extensive  use  as  our  State 
grows  older. 
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The  Fond  du  Lac,  or  Lake  Superior,  brownstone  is  found  in  great 
abundance  along  the  entire  southern  shore  of  that  lake.  It  has  been 
used  at  DuliUh  to  some  extent,  and  has  been  shipped  to  Milwaukee 
and  Chicago,  and  extensively  used  thei-e  in  bnildings.  At  first  it  was 
sparingly  used  in  this  city,  but  of  late  years  ic  has  become  popular,  and 
at  present  a  few  of  the  finest  buildings  here  and  at  Minneapolis  are  con- 
structed of  that  material. 

This  sandstone  is  of  a  dull  red  or  brown  color,  and  is  composed  mostly 
of  quartz,  about  80  per  cent.  It  contains  about  4  per  cent,  of  iron.  Its 
weight  is  141  lbs.  per  cubic  foot.  Tlie  crushing  strength  is  8,800  lbs.  to 
the  square  inch.  It  can  be  quarried  in  almost  any  size  and  thickness, 
but  is  usually  taken  out  in  irregiilar  pieces,  though  sometimes  the  beds 
are  even.  It  does  not  dress  unusually  hard.  In  the  yards  on  the  upper 
levee  it  is  worked  and  sawed  into  trimmings  and  dimension  blocks.  Its 
cost  at  the  quarry  is  about  $3  per  cubic  yard.  Stone  suitable  for  build- 
ings would  cost  50  cents  per  cubic  foot,  in  the  rough,  delivered  here. 

The  Lake  Superior  brownstone  is  not,  perhaps,  equal  to  some  of  the 
Eastern  sandstones  for  fine  work,  but  in  this  Western  country,  where 
sandstones  are  not  found  in  abundance  and  great  variety,  it  is  a  valuable 
building  material.  It  has  seldom  been  used  in  bridge  work,  as  stone 
better  adapted  for  heavy  masonry  can  be  readily  obtained.  Its  use  here- 
after will  probably  be  confined  to  buildings,  either  as  trimmings  or  for 
the  entire  work.  For  this  purpose  the  Lake  Superior  brownstone, 
together  with  the  Kasota  stone,  will  undoubtedly  be  the  building  stones 
of  the  future.  When  this  sandstone  is  placed  in  work,  and  built  rock- 
faced  and  in  the  broken  ashlar  style  of  masonry,  it  presents  a  fine 
appearance.  Unlike  stone  of  a  lighter  color,  it  will  not  discolor  with 
age.  This  is  one  of  its  best  features.  Frost  and  atmospheric  changes  do 
not  atfect  it.  The  building  on  the  corner  of  West  Third  and  St.  Peter 
streets  contains  \vater  tables  and  window  caps  put  there  over  ten  years 
ago.  Their  present  appearance  shows  no  indications  of  climatic  influ- 
ences. The  favorable  qualities  of  this  stone  are  now  acknowledged  by 
builders,  and  it  is  often  found  in  buildings  throughout  the  city.  The 
first  story  of  the  German-American  Bank,  the  Gamble  and  Griggs  resi- 
dences on  Summit  avt nue,  and  the  Westminster  Presbyterian  Church  and 
the  McNair  residence  in  Minneapolis,  are  the  principal  buildings  where 
this  stone  has  been  used.  In  architectural  appearance  they  will  compare 
favorably  with  any  other  buildings  in  the  two  cities. 

HINCKLEY   SANDSTONE. 

The  Hinckley  sandstone  is  found  in  abundance  on  the  Grindstone,  Ket- 
tle and  Pine  rivers,  on  or  near  the  line  of  the  St.  Paul  and  Duluth  Rail- 
road. It  crops  out  in  numerous  places  on  those  streams  and  a  few  lakes 
in  that  vicinity,  and  appeal's  to  underlie  most  of  the  country  traversed  by 
those  streams.  It  belongs  to  the  same  formation  as  the  Lake  Superior 
stone.  This  sandstone  is  of  a  red  or  pink  color,  and  is  composed  entirely 
of  quartz.  Its  strength  is  remarkable  for  a  sandstone,  19,000  lbs.  to  the 
square  inch.  This  is  more  than  twice  that  of  the  Lake  Superior  stone 
and  not  much  inferior  to  that  of  granite. 

The  only  use  so  far  made  of  this   stone   has  been  by  the  St.  Paul  and 
Duluth  Railroad  Co.       The  abutments  of  the  bridges  at  the  above   men- 
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tioued  streams  are  built  of  it,  and  it  has  been  used  to   some   extent   in 
foundations  for  engine  houses,  turn-tables,  etc. 

The  quarry  at  Hmckley  has  not  been  opened  sufficiently  to  determine 
the  true  value  of  this  stone.  The  section  a  ready  exposed,  is  from  six  to 
nine  feet  in  height,  and  about  tv,?©  hundred  and  fifty  feet  long.  The 
ledges  vary  from  a  few  inches  to  two  feet  in  thickness.  They  are  not 
very  regular,  but  will  pro  ably  improve  as  the  quarry  is  developed.  The 
stone  itself  is  of  good  quality.  It  is  not  unusually  hard  or  difficult  to 
dres  ■.  It  appears  to  be  well  adapted  for  bridge  and  general  masonry.  If 
it  can  be  obtained  in  lai'ge  dimensions  and  sufficient  qviantities,  it  will  in 
time,  undoubtedly,  be  considered  a  valuable  stone,  and  extensively 
used. 

DRESBACH   SANDSTONE. 

Another  variety  of  sandstone  is  found  on  the  Mis  is  ippi  River  at 
Dresbach,  about  twenty  miles  below  Winona.  Messrs.  Tosteven  &  Co., 
of  St.  Paul,  who  own  a  quarry  there  of  nine  acres,  are  now  bringing  the 
stone  to  this  ci  y  ;  but  its  u:e,  so  far,  has  been  limited.  The  only  bu  Id- 
ing  here  constructel  entirely  of  it  ij  the  Episcopal  Church  on  Mackubin 
street,  between  Laurel  and  Ashland  avenues. 

It  is  a  fine-grained  stane  of  gray  color,  and  light  in  weight.  132  lbs.  to 
the  cubic  foot.  About  80 per  cent,  is  quartz.  When  first  quarried  it  is 
wet  and  soft  and  easily  worked,  but  in  time,  as  it  becomes  seasoned,  it 
grows  much  harder  and  acquires  gi'eater  strength.  The  crushing  weight 
is  6,500  lbs. 

There  are  two  varieties  of  this  stone  obtained  from  the  same  quarry. 
The  ledge  that  is  worked  is  about  eight  feet  in  depth.  The  presence  of 
water  prevents  quarrying  to  a  greater  depth  without  great  expense,  but 
borings  made  eighteen  feet  below  the  level  of  the  water  show  that  the 
rock  redches  to  that  depth,  at  least.  The  upper  part  of  this  eight-feet 
ledge  is  of  a  gray  color  and  is  called  the  butf  rock.  The  lower  part,  near 
the  water,  is  of  a  darker  color  and  is  called  the  blue  rock.  This  appears 
to  be  much  harder  than  the  upper  ledge.  Large  dimension  stones  can  be 
obtained  from  this  quarry.  The  thickest  ledge  is  twenty-eight  inches  and 
the  beds  are  regular  and  even. 

If  this  stone  should  prove  to  harden  well  after  being  thoroughly  sea- 
soned, it  will  undoubtedly,  from  its  fine  grain  and  handsome  color, 
become  a  popular  building  material  in  this  city,  and  may  supplant  the 
Ohio  sandstone,  which  it  closely  resembles.  The  cost  of  Dresbach  stone 
in  this  city  is  45  cents  per  cubic  foot,  in  blocks  of  large  dimensions^about 
one  half  the  cost  of  Ohio  and  Indiana  sandstones. 

The  Lake  Superior,  Hinckley  and  Dresbach  stones  ara  all  the  sand- 
stones that  are  known  at  present  to  exist  in  Minnesota  which  can  be 
called  building  stones.  Other  quarries  may  be  opened  and  developed 
ultimately.  There  is  a  sandrock  at  Jordan  a  id  another  at  Taylor's  Falls, 
but  little  is  known  of  them,  and  their  use,  if  used  at  all,  is  only  local. 

Within  a  very  short  time  there  h  ive  been  shipped  to  this  city  a  few 
car  loads  of  a  new  variety  of  stone  from  Dunnville,  in  Wisconsin,  on  the 
line  of  the  Chicago,  St.  Paul  and  Omaha  road.  Though  this  is  not  a  Min- 
nesota stone  it  may  be  well  to  mention  it  here.  Ulmar  &  Smith,  on  the 
upper  levee,  are  the  owners  or  agents  of  this  quarry,  and  they  are  now 
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sawing  the  stone  into  trimmings  for  use  in  this  city.  This  is  a  fine 
variety  of  sandstone,  of  gray  color  and  resembles  the  Dresbach  stone, 
and  is  perhaps  svipenor  to  it  in  quality.  The  ledge  from  which  it  is 
obtained  is  six  feet  thick.  Stone  can  be  quarried  in  blocks  of  large  size. 
Like  the  Dresbach  stone  it  is  soft  and  wet  when  first  taken  out,  but 
hardens  by  time  and  exposure.  It  is  easily  worked  into  ornamental 
trimmings,  for  which  use  it  seems  to  be  well  adapted.  No  tests  have 
been  made  of  its  strength,  but  it  appears  to  be  as  hard  as  ordinary  sand- 
stone. 

ST.  PAUL   LIMESTONE. 

The  St.  Paul  limestone  is  the  building  material  which  has  heretofore 
been  mostly  used  in  this  city,  but  time  has  proven  to  us  its  defects  ;  and 
in  all  probability  it  will  soon  be  supplanted  by  imported  stone  of  a  better 
quality  lor  all  structures  which  are  intended  to  be  substantial  This 
stone  is  found  in  large  quantities  at  St.  Paul  and  Minne^apolis,  cropping 
out  on  the  river  bluffs,  and  overlying  the  sandrock.  A  large  portion  of 
this  city  is  built  immediately  over  an  extensive  stratum  from  which 
most  of  our  building  stone  has  been  taken.  This  is  the  Trenton  lime- 
stone, the  fourth  stratified  rock  in  order  of  formation  that  is  found  in 
Minnesota.  The  immense  quantities  of  this  stone  here  and  at  Minne- 
apolis constitute  the  most  north^rn  limits  of  this  formation  found  in  the 
State.  The  same  stone  is  again  met  with,  further  south,  at  Northfield 
and  Faribault,  from  wh»  nee  it  diverges  southeast  and  southwest,  and 
extends  down  into  Towa. 

In  composition,  75  or  80  jjer  cent,  is  lime  ;  about  6  per  cent  is  mag- 
nesia— not  enough  to  make  it  a  magnesian  limestone.  In  weight,  it  is 
qviite  heavy — 165  lbs.  to  the  cubic  foot  — equal  in  this  respect  to  some  of 
the  granites. 

The  stone  taken  from  the  quarries  in  the  south  part  of  the  State  has 
less  of  that  friable,  shaly  texture,  and  is  said  to  be  of  much  better  quality 
than  the  stone  obtained  in  this  city.  Here  the  stone  has  less  lime,  and  a 
little  sand  in  its  composition.  Further  to  the  south,  it  is  a  purer  lime- 
stone and  ajjpears  to  be  a  stone  of  greater  strength.  For  instance,  the 
strength  of  St.  Paul  limestone,  as  given  by  Professor  Wincbell,  is  19.400 
lbs.  to  the  square  inch  :  the  Minneapolis  stone  at  17,400  lbs.,  while  stone 
from  the  same  formation  in  Fillmore  County  sustains  a  pressure  of 
26,000  lbs.,  a  strength  equal  to  Sauk  Rapids  granite. 

Several  quarries  are  at  present  worked  in  this  city.  They  are  substan- 
tially the  same  as  to  the- depth  of  the  rock  and  the  quality  of  stone.  A 
section  of  one  of  them  would  present  about  this  appearance  : 

First,  the  soil  or  drift,  in  some  cases  ten  or  twelve  feet  in  depth.  Sec- 
ond, a  layer  of  shell  rock  from  two  to  three  feet  deep — useless  for  any 
purpose,  except,  perhaps,  macadamizing.  Third,  a  layer  of  shale,  two 
or  three  feet  thick,  usually  called  soapstone.  This  is  a  worthless  mate- 
rial, though  contractors  will  work  it  into  a  wall  if  tliere  is  no  inspector 
in  sight.  Fourth,  the  rock  proper — a  stratum  from  ten  to  twelve  feet  in 
depth,  and  sometimes  fourteen  feet.  The  West  St.  Paul  quarries  vary 
somewhat  from  this  description  in  one  instance.  Immediateh'  under 
the  shell  rock  and  over  the  soapstone  is  a  layer  from  eight  to  nine  feet  in 
thickness,  called  by  the   quarrymen    "graystone.'"      This   is   sometimes 
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erroneously  confouuderl  with  the  worthless  shale  or  soapstone.  It  is  an 
impure  limestone,  of  dirty  gray  color — very  little  gi-ained  ;  is  harder  and 
a  better  building  stone  than  the  regular  blue  stone.  Wherever  it  has 
been  placed  in  buildings  years  ago,  its  greater  durability  can  be  noticed. 
An  examination  of  the  piers  of  the  Wabash  street  bridge  is  proof  of  this. 
There  is  one  drawback  pertaining  to  it,  which  will  apply,  perhaps,  to 
many  other  kinds  of  stone — it  cannot  be  quarried  in  the  winter.  As  it 
contains  a  large  amount  of  moisture  when  first  quarried,  extremely  cold 
weather  will  crack  and  break  it :  but  when  taken  out  in  warm  weather 
and  thoroughly  seasoned,  it  is  fully  as  good  as,  if  not  superior  to,  the  blue 
stone. 

The  ledge  of  rock  found  in  all  St.  Paul  quarries  from  ten  to  twelve 
feet  thick,  is  the  one  which  furnishes  all  our  building  stones.  From  this 
ledge  the  rock  can  be  quarried  in  blocks  of  different  depths,  varying  in 
the  different  quarries,  but  ranging  from  six  inches  in  thickness  to  per- 
haps twenty-four  inches.  These  stones  come  out  in  very  even  beds  and 
sometimes  in  lengths  of  ten  or  twelve  feet.  Yet  dimension  stone  of 
large  size  is  difficult  to  get  without  gx-eat  waste. 

The  great  defect  of  the  St.  Paul  stone  is  its  inability  to  withstand  our 
severe  climate.  So  far  as  strength  alone  is  concerned,  it  is  suitable  for 
any  purpose  ;  but  under  the  changes  of  moisture  and  dryness — thawing^ 
and  freezing — it  will  crumble  in  time,  as  will  be  noticed  in  some  of  our 
oldest  buildings.  This  has  finally  become  apparent  to  most  of  our 
builders,  and  more  durable  stone  is  now  imported  and  used.  Another 
disadvantage  to  the  St.  Paul  stone  is  the  great  cost  and  labor  in  getting 
it  out.  In  all  the  quarries,  except  perhaps  those  on  West  Seventh  street, 
and  especially  in  those  in  West  St.  Paul,  there  is  from  ten  to  fifteen  feet, 
and  often  more,  of  earth  to  remove  ;  then  five  to  six  feet  of  shell  and 
shale  rock  ;  afterward  eight  to  nine  feet  of  graystone  ^before  the  blue- 
stone  is  reached,  all  of  which  requires  an  expenditure  of  about  three 
dollars  to  get  out  one  dollar's  worth  of  rock. 

While  the  stone  quarried  in  this  city  cannot  be  considered  a  durable 
building  stone,  there  are  a  great  many  instances  where  it  will  answer  the 
purpose  intended  and  can  be  used  to  advantage.  For  foundation,  side 
and  rear  walls  of  buildings — for  rubble  masonry,  backing  and  filling — 
and  in  all  cases  of  infei'ior  and  unimportant  work,  it  is  well  enough  to 
use  the  St.  Paul  stone  ;  but  in  the  larger  and  more  substantial  buildings 
— in  bridge  piers,  and  in  all  work  that  is  intended  to  endure,  the  use  of 
this  stone  should  be  discouraged. 

The  St.  Paul  limestone  is  now  considered  a  very  inferior  article  for 
building,  and  its  use  in  first-class  work  will  undoubtedly  soon  be  discon- 
tinued altogether.  Its  greatest  defects  are  its  capacity  to  absorb  moist- 
ure— the  avidity  with  which  carbonic  acid  will  act  upon  it — to  a  greater 
extent  than  on  any  other  Minnesota  stone— and  the  clayey  seams  which 
usually  constitute  a  large  part  of  its  structure.  The  destructibility  of 
this  stone  is  owing  to  all  of  these  features,  more  especially  to  the  last 
one.  Clay  is  a  detriment  in  any  building  stone,  as  it  absorbs  moisture 
and  renders  the  stone  softer  and  presents  a  greater  opportunity  for  the 
action  of  frost.  The  clay  seams  will,  after  long  exposure,  disintegrate 
and  crumble,  leaving  the  alternate  seams  of  limestone  in  their  original 
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condition.  This  is  the  great  fault  with  the  stone  quarried  in  this  city 
and  is  the  cause  for  that  decaying  appearance  to  be  seen  in  all  of  the 
older  work  built  of  that  material.  However,  <:here  is  one  stratum  of  this 
stone  to  be  found  in  all  of  the  St.  Paul  quarries,  nine  inches  in  thickness, 
which  builders  claim  is  as  durable  as  any  of  the  imported  stone  and 
■which  frost  does  not  affect.  Work  built  of  St.  Paul  stone  should  always 
be  rock-faced,  as  it  makes  a  better  appearance  and  protects  the  stone 
somewhat  against  atmospheric  action.  Ashlar  masonry  of  this  stone 
should  be  avoided.  All  woi'k  of  this  kind  presents  an  unsightly  appear- 
ance within  a  few  years  after  completion. 

Stone  adapted  for  heavy  masonry  is  sold  at  the  quarries  in  this  city  for 
$4  or  $5  per  cubic  yard.  Trimmings,  from  15  to  18  cents  per  foot.  Rub- 
ble stone  at  about  75  cents  per  perch,  and  range  rock  at  10  to  13  cents 
per  foot.  Good  masonry  can  be  built  of  this  stone  at  f  8  or  $10  per  yard, 
which  is  $5  or  $6  cheaper  than  Red  Wing  or  Kasota  masonry. 

RED  V^'ING  STONE. 

There  is  a  magnesian  limestone  existing  in  unlimited  quantities  along 
the  Mississippi  River,  which  forms  the  upper  part  of  the  bluffs  lining 
that  stream,  and  is  seen  exposed  at  a  great  many  localities  as  far  south 
as  the  southern  boundary  of  the  State.  This  rock  is  quarried  at  Still- 
water, Langdon,  Nininger,  Red  Wing,  Frontenac,  Winona  andDresbach, 
and  also  at  places  along  the  banks  of  the  streams  which  flow  into  the 
Mississippi  from  the  west.  These  are  commonly  supposed  to  be  different 
varieties  of  stone,  all  differing  from  each  other,  and  are  known  among 
builders  according  to  the  above  localities  where  they  are  obtained. 
Though  differing  somewhat  in  appearance  and  physical  qualities,  they 
are  in  fact  one  kind  of  stone,  essentially  the  same  in  their  chemical 
ingredients,  and  belonging  to  the  same  geological  formation — the  Lower 
Magnesian,  the  oldest  limestones  known  in  geological  history.  They  are 
all  magnesian  stones,  or  more  properly  dolomites,  and  generally  contain 
about  fifty  per  cent,  of  lime  and  forty  per  cent,  of  magnesia.  When 
this  stone  can  be  obtained  of  a  close  texture  and  free  from  porosity , 
it  is  a  most  excellent  building  material.  Magnesian  limestones  are 
generally  considered  much  better  and  more  durable  than  the  limestones 
proper. 

This  formation  of  stone,  extending  from  Stillwater  to  Winona  and 
below,  is  probably  the  most  extensive  and  valuable  quantity  of  building 
stone  anywhere  in  the  Western  country.  It  has  furnished  stone  to  a 
large  extent  ever  since  that  material  has  been  used  in  the  State,  and  is, 
without  doubt,  the  great  source  from  which  the  greater  part  of  our  build- 
ing stone  will  be  obtained  in  the  future. 

The  Stillwater  stone  has  been  quarried  for  a  number  of  years,  and  used 
in  buildings  in  that  city.  Very  little,  if  any,  has  been  sent  to  St.  Paul. 
It  is  very  heavy  in  weight — 173  lbs.  to  the  cubic  foot — the  heaviest  of 
Minnesota  limestones,  and  of  about  the  same  weight  as  Duluth  granite. 
Its  crushing  strength  varies  from  10,000  to  25,000  lbs.  per  square  inch. 

The  stone  at  Langdon,  owned  and  quarried  by  Messrs.  Breen  &  Young, 
of  this  city,  bears  a  very  close  resemblance  to  the  Red  Wing  stone,  and 
is  probably  equal  to  it  in  every  respect.  This  is  an  excellent  material  for 
bridge  work  and  heavy  masonry.     It  has  been  used  some  in  this  city  for 
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foundation  walls.  Its  proximity  to  St.  Paul  ought  to  make  it  the  cheap- 
est stone  tliat  can  be  obtained  here. 

The  Frontenac  stone  is  well  known  here  and  at  Minneapolis,  where  it 
has  been  used  for  several  years,  mainly  as  trimmings.  It  can  be  seen 
throughout  this  city  in  quite  a  large  number  of  buildings.  The  front 
walls  of  the  Commercial  Hotel,  on  Seventh  street,  and  the  trimmings  of 
the  State  Capitol  are  of  Frontenac  stone.  It  can  be  easily  sawed 
and  w^orked  into  ornamejital  shapes,  and  when  bush-hammered,  is 
suitable  for  sills,  caps,  pilasters,  etc.  Its  gi-eatest  defect  is  its  porosity 
and  capacity  to  absorb  moisture.  The  ratio  of  absorption  is  1-21.  As  it 
is  of  a  light  color,  it  will  in  time  become  stained  and  discolored  from 
exposure.  In  weight  and  strength  it  is  about  the  same  as  the  Lake 
Superior  sandstone.  General  Gillmore,  in  his  Report  on  the  Building 
Stones  of  the  United  States,  erroneously  classes  this  stone  as  a  sandstone. 

The  scone  quarried  at  Nininger,  by  Lauer  Bros,  of  this  city,  belongs  to 
the  same  class  of  magnesian  limestones  under  discussion,  and  possesses 
the  same  favorable  features  as  the  others,  but  is  the  lightest  in  weight. 
It  can  be  obtained  in  blocks  of  large  size,  and  is  worked  and  sawed  with 
great  facility  and  presents  a  good  appearance  in  work.  The  stone  has 
been  introduced  here  recently,  but  is  used  already  in  a  large  number  of 
buildings.  Like  the  Frontenac  stone,  it  is  better  adapted  for  architec- 
tiu'al  fronts  and  trimmings  than  for  heavy  masonry. 

The  stone  which  has  been  quarried  at  Red  Wing  for  a  number  of  years, 
and  extensively  used,  is  now  acknowledged  to  be  superior  to  any  other 
stone  in  the  West  for  bridge  work  and  heavy  masonry.  No  better  mate- 
rial could  be  required  for  that  class  of  construction.  It  is  not  equal,  per- 
haps, to  the  Kasota  stone  for  buildings,  as  it  does  not  take  so  fine  a  finish 
and  costs  in  dressing  about  25  per  cent.  more.  It  has  been  used  to  a  con- 
siderable extent  in  buildings,  and  when  bush-hammered  answers  very 
well  for  that  purpose.  But  its  superiority  is  for  bridge  work,  on  account 
of  the  great-sized  pieces  in  which  it  can  be  obtained,  its  durability  and 
its  great  strength— 23,000  lbs.  per  square  inch. 

KASOTA    LIMESTONE. 

The  favorite  building-stone  heretofore  used  in  this  State  is  the  Kasota 
limestone,  formerly  called,  by  mistake,  a  sandstone.  It  is  entitled  to  all 
the  praise  it  has  ever  received,  for  there  is  no  better  material  for  all 
classes  of  work  where  stone  is  required  anywhere  in  the  West,  or  even 
in  the  United  States.  There  is  no  necessity  of  bringing  Joliet  stone,  Berea 
sandstone,  or  any  other  stone  to  this  city  while  we  have  a  material  supe- 
rior to  them  all  so  close  at  hand. 

This  stone  attracted  attention  at  an  early  day,  and  was  the  first 
imported  stone  ever  used  in  this  city.  It  is  adapted  to  every  kind  of 
stone  work,  and  its  use,  especially  in  buildings,  has  been  most  extensive. 
To  enumerate  at  present  all  the  buildings  here  and  at  Minneapolis  where 
it  has  been  used,  would  be  quite  a  task.  Its  attractive  color  and  appear- 
ance, whether  in  the  ashlar  or  rock-faced  style  of  masonry,  renders  it  a 
desirable  material  for  the  finest  and  most  ornamental  buildings.  The 
First  Baptist  Church,  altogether  the  finest  church  edifice  in  this  city, 
was  built  entirely  of  this  stone  in  1874.  The  two  largest  and  most  elegant 
residences  in  the  West— the  Kittson,  on  Summit  avenue,  and  the  Wash- 
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burn,  in  Minneapolis,  are  also  constructed  of  this  stone.  The  former  is 
ashlar  work  and  the  latter  rock-faced.  It  is  questionable  which  presents 
the  best  appearance. 

The  Kasota  stone  is  also  a  magnesian  limestone,  made  up  of  about  the 
same  proportions  of  lime  and  magnesia  as  the  Red  Wing  stone,  and  be- 
longs to  the  latest  strata  of  the  same  formation — the  Lower  Magnesian. 
It  is  found  in  the  lower  part  of  the  Minnesota  Valley  in  unlimited  quanti- 
ties, and  appears  to  form  a  substratum  to  the  whole  country  from  Mankato 
to  Shakopee.  It  has  been  quarried  for  a  great  many  years  at  St.  Peter, 
Kasota  and  Mankato,  along  a  portion  of  the  valley  about  fifteen  miles  in 
length.  All  the  quarries  at  these  three  localities  have  been  worked  ex- 
tensively and  have  furnished  stone  for  years,  to  all  parts  of  Minnesota, 
Dakota  and  Nebraska.  The  stone  can  always  be  taken  out  in  even  and 
regular  strata,  from  a  few  inches  in  thickness  to  twenty -four  inches,  and 
in  blocks  of  the  largest  size.  Pieces  ten,  twelve  and  even  fourteen  feet  in 
length  are  not  uncommon.  Most  of  these  quarries  can  furnish  stone  for 
any  variety  of  work.  Flagstones,  trimmings,  and  all  kinds  of  cut  and 
dimension  stones  are  abundant,  and  the  largest  bridge  stones  have  been 
used  in  the  construction  of  the  several  bridges  over  the  Minnesota  River, 
the  St.  Paul,  Minneapolis  &  Manitoba  Railway  viaduct,  and  the  masonry 
of  the  Seventh  Street  Improvement. 

Kasota  stone  weighs  from  151  to  157  lbs.  per  cubic  foot,  and  has  a 
strength  ranging  from  13.000  to  18,000  lbs.  It  can  be  worked  and  dressed 
or  sawed  with  great  facility.  Experience  proves  it  to  be  a  stone 
of  great  durability  for  this  climate.  In  all  structures  where  it  has  stood 
for  a  number  of  years  it  a])pears  to  withstand  the  action  of  frost  and 
atmospheric  influences.  There  are  at  Mankato  buildings  constructed  of 
this  stone  over  twenty-five  years  ago.  They  present  to-day  as  good  an 
appearance  as  when  first  built,  and  are  not  stained  or  discolored  to  any 
extent,  which  is  an  important  quality  in  any  building  stone. 

The  largest  quarry  from  which  this  stone  is  obtained  is  the  one  at 
Mankato,  known  as  the  Empire  Stone  Ledge,  owned  and  w^orked  by  W. 
B.  Craig  &  Co.  Stone  is  taken  out  and  handled  here  with  great  facility, 
and  at  the  least  cost  possible. 

The  ledge  is  about  thii-ty-five  feet  in  height,  and  is  opened  and  worked 
along  a  frontage  of  1,500  feet.  Two  railroad  tracks  extend  through  the 
quarry  its  entire  length.  Stone  can  be  procured  here  for  any  purpose 
and  adapted  to  all  varieties  of  work,  from  the  thinnest  flagstones  to  the 
heaviest  bridge  stones.  There  are  ten  or  twelve  distinct  and  different 
strata  in  even  and  horizontal  beds — four  of  which  will  furnish  dimension 
stone  of  the  largest  size,  from  a  few  inches  in  thickness  to  thirty  inches. 
The  upper  portion  of  the  quarry  for  ten  or  twelve  feet  is  composed  of 
stone  in  thin  and  broken  layers,  suitable  only  for  riprap,  rubble,  etc. ;  then 
the  first  ledge  of  importance  is  reached,  called  the  Rod  Ledge.  This  is 
four  feet  thick,  of  a  red  or  pink  color,  and  is  similar  in  texture  and  ap- 
pearance to  that  found  at  Kasota.  Stone  from  this  ledge  is  adapted  for 
bridge  masonry,  trimmings,  cut  and  dimension  work  of  all  kinds.  This 
ledge  and  the  lowest  one  are  superior  to  anything  else  in  the  quarry. 
Four  feet  lower  is  the  soft  ledge,  which  furnishes  a  stone  mottled  in 
color  and  very  easily  worked.      This  is  used  altogether  for  trimmings. 
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but  as  it  will  take  a  fiue  polish,  it  can  be  wrought  into  table  tops,  mantels, 
furniture,  etc. 

Next  comes  the  Bridge  Ledge,  six  feet  thick,  and  of  a  straw  color.  This 
is  a  coarse,  hard  and  strong  stone,  but  easily  worked,  obtained  in  the 
largest  sizes  and  excellent  for  heavy  masonry,  but  not  suirable  for  finer 
work.  This  is  wet  and  saturated  with  sap  when  first  quarried,  but  soon 
seasons  by  exposure. 

Two  feec  below  the  Bridge  Ledge,  and  separated  from  it  by  a  laj^er  of 
shale  two  feet  thick,  is  the  Cutstone  Ledge,  the  bottom  of  the  quarry. 
This  is  four  feet  thick,  of  a  buff  or  light  gray  color.  The  stone  is  close 
and  compact,  with  a  fine  texture,  and  is  easily  dressed.  For  ashlar  work, 
it  is  the  finest  stone  in  Minnesota.  For  trimmings  to  any  building,  this 
stone  is  superior  to  those  imported  from  the  Eastern  States  at  double  the 
cost. 

The  facilities  for  getting  out  and  handling  stone  at  this  quarry  are  first 
class.  In  the  summer  of  1884  there  was  furnished  for  the  Seventh  Street 
Improvement  arches  in  this  city  1,764  stones  averaging  24  inches  by  24 
inches  by  6  feet  in  dimensions.  All  of  these  were  quarried  and  cut  from 
the  Red.  Bridge  and  Cutstone  ledges  in  three  months'  time.  The  capacity 
of  this  quarry  will  be  better  understood  when  it  is  remembered  that  only 
about  twenty-five  per  cent,  of  all  the  stone  taken  out  was  suitable  for  the 
above  number  of  archstones  required. 

The  quarries  at  Kasota,  peven  miles  distant,  are  on  the  level  prairies 
and  are  not  worked  with  so  great  fa-'ility  as  those  at  Mankato.  Water 
is  often  a  troublesome  element,  which  prevents  a  quarry  from  being 
developed  to  its  full  dejjth  and  capacity.  The  stone  obtained  here  is  sim- 
ilar to  that  from  the  Red  Ledge  of  the  Empire  Stone  quarry. 

It  is  apimrent  from  the  above  list  of  stones  that  our  State  is  abundantly 
supplied  with  building  material  of  great  superiority.  The  quarries  of 
Sauk  Rapids,  Lake  Superior,  Red  Wing  and  Kasota  can  furnish  granites, 
sandstones  and  limestones  of  qualities  and  in  quantities  sufficient  to 
meet  the  widest  range  of  building  requirements.  It  is  only  during  the 
last  few  years  that  the  favorable  qualities  of  these  stones  have  been 
known.  We  are  just  entering  upon  our  era  of  stone  building,  and  the 
future  will  show  a  great  demand  for  the  many  excellent  building  stones 
which  constitute  one  of  the  most  import  nnt  resources  of  our  State.  The 
present  is  called  the  age  of  iron.  W^ithout  reversing  the  order  of  history, 
it  can  truly  be  said  that  the  stone  age  in  Minnesota  is  about  to  com- 
mence. 

The  following  tabular  statement  is  a  recapitulation  of  some  of  the  facts 
stated  above,  and  will  be  useful  for  reference  as  showing  the  most 
important  qualities  of  Minnesota  building  stones.  Most  of  it  was  derived 
from  advance  sheets  of  Volume  I.,  of  Professor  Wincheils  Final  Report  on 
the  Geology  of  Minnesota.  The  ratio  of  absorption  represents  the  capacity 
of  a  stone  to  absorb  moisture.  The  fraction  under  this  head  and  opposite 
each  stone  indicates  the  weight  of  that  stone,  when  dry,  which  will 
absorb  one  pound  of  water  after  immersion  for  a  considerable  length  of 
time.  For  instance,  a  piece  of  Dresbach  sandstone  weighing  eight  pounds 
will  absorb  one  pound  of  water.  This  is  the  most  defective  stone  in  this 
respect  on  the  list.     The  strength  per  square  inch  of  each  stone  was  ob- 
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tained  by  experimenting  on  a  piece  two  inches  cube,  and  dividing  the 
number  of  pounds  ascertained  by  four.  This  gives  results  much  greater 
than  the  crushing  weights  formerly  attached  to  the  different  varieties  of 
stones. 

MINNESOTA   BUILDING  STONES. 

Weipcht  per  Ratio  of  Strength  in  lbs.  per 

Name  of  stone.          cubic  foot.        absorption.  square  inch. 
Granites : 

Duluth 175  3J5  27.250 

Sauk  Rapids     166  5^5  21,500  to  28,000 

Sioux  Falls  (quartzite) 162  ^^  27,000 

Sandstones  : 

Lake  Superior 141 1  .<  ^V  8,750 

Hinckley 1391^  ^  19,000 

Dresbach 122  i  6,500 

Limestones  : 

St.  Paul 165  gig  19,500 

"      graystone 156  ^\ 

Red  Wing 1.56i^  ^^  23,000 

Laugdou 157i.< 

Fronteuac 142i.?  ^\  6,250  to  11,250 

Stillwater 160'.;  3I3  10,750  to  25,000 

Niuinger 137  "  14,000 

Kasota 157}^  ^V  10,700  to  18,500 

Mankato  (Red  Ledge) 151  "  ) 

"        (Bridge  Ledge) 153i.<  - Same  as  Kasota  stone. 

"        (Cutstone  Ledge) .. .   157      ) 


WHAT  IS  THE  BEST  MATERIAL  FOR  STREET  RAILROAD  RAILS? 


By  Augustine  W.  Wright,  Member  of  the  Wes'^ern  Society  of  Engineers. 
[Head  May  5,  188.5.] 


I  was  asked  at  a  convention  of  the  American  Street  Railroad  Associa 
tion  :  "  You  would  recommend  the  use  of  steel  rails  for  street  railroads, 
wouldn't  you?"  I  replied  in  the  affirmative,  and  felt  safe  in  stating  that 
one  steel  rail  would  outwear  six  iron  rails.  I  spoke  from  my  expsrience 
upon  steam  railroads  ;  but  this  question  turned  my  thoughts  to  that  sub- 
ject, and  to-day  I  would  hesitate  to  recommend  steel  for  .^treet  i-ailroads. 
The  requirements  of  a  rail  upon  a  street  railroad  and  upon  a  steam  rail- 
road are  quite  different,  and  the  experience  of  the  steam  road  is  of  little 
benefit  to  the  street  railroad.  Upon  the  latter,  as  usually  constructed,  the 
rail  is  provided  merely  as  a  wearing  surface.  My  tracks  are  constructed  as 
follows  :  Cedar  cross-ties,  seven  or  eight  feet  long,  as  the  case  may  be, 
six  inches  thick,  with  face  not  less  than  six  inches,  are  spaced  four  feet 
between  centres.  Upon  them  stringers  are  laid  lengthwise  of  the  road, 
from  twelve  to  thirty  feet  in  length,  fiv^e  inches  wide,  and  seven  to 
twelve  inches  in  depth,  as  may  be  determined.  The  cross-ties  are 
securely  tamped  with  iron  bars.  The  stringers  are  likewise  tamped 
hard  between  the  cross-ties.  The  road,  therefore,  has  a  continuous 
timber  bearing  upon  the  earth.  All  that  is  required  of  the  rail 
is  to  furnish  a  wearing  surface  to  protect  the  said  timber  struc. 
ture.  Steam  railroads,  as  ordinarily  constructed,  use  the  rails  as 
girders,  to  carry  the  weights  superimposed  from  bearing  to  bear- 
ing, i.  e.,  fi'om  cross-tie  to  cross-tie.  They  must  be  strong  enough 
when  the  head   is  worn  out   to  carry  this  load.      Thus  far  the  require- 
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ments  of  the  two  systems  are  entirely  at  variance.  Now  for  the  wearing 
effect  of  the  traffic.  In  what  does  it  consist  ?  Dr.  Dudley,  the  accom- 
plished chemist  of  the  Pennsylvania  R.  R.,  has  advanced  a  theory.  It  has 
been  much  discussed.  Allow  me  to  quote  Dr.  Dudley,  who,  upon  "  The 
Wearing  Power  of  Steel  Rails."  said  :  "  The  forces  that  act  between  the 
top  of  the  head  of  the  rail  and  the  wheels  in  rolling  friction  may.  it  seems 
to  me,  be  regarded  as  two  in  number.  There  is  first  a  force  acting 
directly  downward,  due  to  the  weight  of  the  locomotives  and 
cars.  This  force  may  be  regarded  as  a  vertical  force  acting  per- 
pendicularly to  head  of  the  rail,  and  is  in  action  both  when 
the  train  is  standing  still  and  when  it  is  in  motion.  Secondly, 
there  is  a  force  acting  parallel  to  the  head  of  the  rail,  due  to  the 
traction  or  impelling  power  of  the  locomotives.  In  the  case  of  the 
driving  wheels,  this  force  may  be  supposed  to  act  in  the  direction  oppo- 
site to  that  of  the  motion  of  the  trains.  *  *  *  jn  the  case  of  the 
drivers,  the  amount  of  this  force,  acting  parallel  to  the  head  of  the  rail, 
is  sufficient  to  overcome  the  total  train  resistance:  in  other  words,  to  cause 
the  train  to  move.  In  the  case  of  the  other  wheels  of  the  train  acting 
individually,  this  force  acting  parallel  to  the  head  of  the  rail  is  small, 
being  only  that  necessary  to  overcome  the  journal  friction.  The  force 
parallel  t  >  the  h^ad  of  the  rail  acts  only  when  the  train  is  in  motion.*  *  * 

"  Returning  for  a  moment  to  the  conception  previously  mentioned,  that 
the  top  of  the  head  of  the  rail  and  the  surface  of  the  wheel  are  a  rack  and 
pinion  with  infinitesimal  teeth,  but  without  regularity  in  the  teeth,  le'' 
us  see  what  kind  of  strain  would  be  producerl  in  these  minute  teeth  by  a 
force  acting  diagonally  to  the  line  of  the  head  of  the  rail  I  hardly  see 
how  we  can  avoid  the  conclusion  that  this  strain  would  be  a  bending 
strain.  *  *  *  if  ^ve  are  right  in  ri^gard  to  the  nature  of  the  surfaces 
involved  in  wear  and  the  strains  produced,  wear  is  simply  the  breaking 
or  pulling  otf  of  the  infinitesimal  teeth  by  the  strains  to  which  they  are 
subjected.  And  here  we  see  why  it  is  that  the  softer  rails  giv^*  the  better 
wear;  for  the  harder  the  steel,  the  more  brittle  it  i'^;  and  the  more  brittle 
the  steel,  the  more  readily  will  these  infinitesimal  teeth  be  broken  off  by 
the  strains  applied." 

A  Pennsylvania  engine  for  passenger  service.  Class  K,  weighed  in 
working  order  96,700  lb?.,  of  which  32,900  lbs.  was  on  the  forward 
drivers.  Our  worthy  vice-president,  Mr.  Chanute,  made  some  experi- 
ments upon  the  Erie  Rsilroad.  He  found  that  a  driving  wheel  five  feet 
in  diameter  bore  upon  the  rail  head  a  space  not  greater  than  the  thick- 
ness of  a  knife  blade — about  one  quarter  of  a  square  inch.  Ten  thousand 
pounds  being  the  vveight  upon  this  driving  wheel,  the  static  pressure 
equaled  40.000  lbs.  per  square  inch.  This  is  the  great  force  coming  upon 
steam  railroad  rails  !  It  is  to  stand  up  under  the  locomotive  that  the 
rails  must  bs  designed.  It  is  the  locomotive  that  does  the  damage  and 
makes  the  greatest  wear  upon  its  rails.  Now,  this  force  does  not  exist 
upon  a  street  railroad.  All  the  rail  has  to  do  is  to  resist  the  wear  coming 
from  journal  friction,  and,  as  stated  by  Dr.  Dudley,  it  is  very  small. 
The  journal  and  flange  friction  at  six  miles  per  hour  is  probably  not 
more  than  six  pounds  per  ton.  Upon  your  steam  railroad  you  now,  with 
the  great  and  increasing  weight  of  your  locomotive?  need  a  stronger 
substance  than  iron,  and  this  steel  is. 
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I  have  used  the  words  iron  and  steel.  What  do  they  mean?  It  is  the 
same  as  if  I  spoke  of  wood  or  stone.  There  are  many  varieties  of  both, 
possessing  very  different  qualities  as  to  hardness,  strength,  etc.,  etc.  Iron, 
when  chemically  pure,  is  one  of  the  elements.  Its  atomic  weight  is  56, 
but  it  is  doubtful  if  it  occurs  native,  its  ores  are  verj'  numerous,  and  they 
vary  greatly  i'l  quality.  In  speaking  of  "iron,"  therefore,  I  mean  the 
ordinary  commercial  article  known  by  that  name,  and  of  average  quality 
and  workmanship.  A  certain  addition  of  carbon  changes  the  appear- 
ance and  quality  of  the  product.  Thurston  states  :  "  Steel  is  variously 
defined  by  acknowledged  authorities,  and  the  metals  known  in  the 
market  and  to  the  trade  as  steel  cannot  be  completely  and  satisfactorily 
classed  under  any  definitions  yet  proposed.  The  term  includes,  as  form- 
erly accepted,  all  impure  irons  which,  in  consequence  of  the  presence  of 
other  elements,  have  the  property  of  hardening  by  sudden  cooling  from 
a  high  temperature  and  of  taking  a  definite  '  teiiper'  or  degree  of  hard- 
ness b}^  a  definite  nnidiflcation  of  temperature,  and  which  may  also  be 
forged.  It  has  been  recently  proposed  to  define  stet-l  as  a  compound,  con- 
sisting principally  of  iron  which  has  been  rendered  homogeneous  by 
fusion  ;  still  another  definition  is  iron  recarbonized.'"  An  iron  rail  is,  as 
it  were,  made  fibrous  by  the  process  of  rolling.  A  steel  rail  is  homo- 
geneous and  not  fibrous.  The  iron  rails  upon  steam  railroads  failed 
chiefly  by  lamination.  Louis  Nickerson  wrote  :  "  Lamination  is  the 
result  of  some  natural  and  det'^rmined  law,  and  that  law  is  this  : 

"  That  all  material,  when  subjected  to  pressure,  laminates  in  planes 
perpendicular  to  that  pressure." 

This  law  was  announced  by  Prof.  Tyndall  after  his  experiments  upon 
lamination.  Ure's  Diet,  of  Man.  and  Mines  does  not  agree  therewith.  It 
states  :  '•  Careful  examination  convinces  the  writer  that  whenever  lam- 
ination of  the  rail  becomes  evident,  it  can  be  traced  to  the  imperfect 
weldhig  together  of  the  bars  of  which  the  rail  is  formed."  And  again  : 
''  An  objection  has  been  urged  against  malleable  iron  rails  on  the  ground 
tliat  the  weight  on  the  wheels  rolluig  on  them  expanded  their  upper  sur- 
face and  caused  it  to  separate  in  thin  laminae.  In  many  of  our  large 
stations  rails  may  be  frequently  seen  in  this  state,  layer  after  layer 
breaking  off;  but  this  may  be  regarded  rather  as  an  example  of  defective 
manufacture  than  anything  else." 

Holley  &  Colburn  wrote  :  "  Rails  rarely  icear  out.  They  laminate  or 
crush  in  the  majority  of  instances."  This  applied  to  iron  rails.  Ash- 
bei  Welch,  chairman  of  a  committee,  reported  to  the  Am.  Soc.  Civil 
Engrs.,  May,  1875,  upon  the  subject  of  rails,  from  which  I  extract :  "  The 
chairman  of  the  committee  was  so  much  surprised  at  so  little  difference 
in  the  loss  of  metal  in  iron  and  steel  rails,  that  since  the  former  report 
was  i^resented  he  made  further  examinations.  *  *  *  The  average  loss 
of  metal  per  annum  was,  in  the  steel,  0.29  ;  in  the  iron,  0.325  pounds  per 
yard.  Tliis  shows  if  iron  was  perfectly  welded  and  as  hard  in  the  middle 
as  at  the  top,  and  never  loaded  so  as  to  crush  or  condense  the  metal  (say 
not  over  25,000  pounds  per  square  inch),  it  would  wear  nearly  as  long  as 
steel." 

It  would  appear  from  the  above  quotations  that  the  cause  of  failure 
of  iron  rails  upon  steam  railroads,  supposing  the  rails  to  have  been  prop- 
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erlj'  made,  has  been  caused  by  the  locomotives'  excessive  weight.  This 
is  absent  from  our  horse  raih-oad,  and  I  am  not  surprised  at  the  follow- 
ing results,  as  stated  by  D.  K.  Clarke:  "Preparatory  to  deciding  upon 
the  material — iron  or  steel — for  the  rails  (Glasgow  tramway)  of  the  new 
system  of  way  designed  for  haulage  by  mechanical  power,  the  results  of 
the  comparative  wear  and  tear  of  iron  rails  and  steel  rails  under  like  cir- 
cumstances were  investigated  by  the  engineers,  Messrs.  Johnstone  and 
Rankine.  Two  rails  of  the  earliest  sections,  one  of  iron  and  one  of  steel,  laid 
in  Paisley  road,  within  a  few  yards  of  each  other  ;  and  two  rails,  one  of 
iron  and  one  of  steel,  laid  in  Argyle  street, were  weighed  when  they  were 
laid  and  when  they  were  taken  up.  The  loss  in  weight  of  the  Paisley 
road  rails,  7  years,  was  :  iron,  44  pounds  ;  steel,  43* pounds  :  Argyle,  6 
years,  iron,  39  pounds:  steel,  33  pounds.  John  W.  Cloud,  of  the  Pa.  R.  R., 
in  the  discussion  upon  Dr.  Dudley's  paper,  from  which  a  quotation  has 
been  made,  stated  :  "  We  should  study  the  physical  properties  of  steel  in 
relation  to  its  wearing  power,  and  ask  the  makers  to  give  us  the  requisite 
physical  properties,  and  leave  the  chemistry  to  them.  The  evidence  that 
softer  sttel  does  give  greater  wear  in  rails  is  conclusive.  At  Altoona, 
careful  examinations  have  lately  been  made  of  locomotive  tires, 
and  from  one  to  two  inches  difference  have  been  found  m  the 
diameters  of  the  tires  of  wheels  upon  the  same  axle.  Invariably  when 
these  two  tires  are  put  into  the  lathe  it  is  found  that  the  tire  the  most 
worn  is  the  hardest."  Iron  glides  imperceptibly  into  steel ;  it  is  difficult 
to  fix  the  boundary;  and  it  appears  that  the  more  nearly  the  steel 
approaches  iron,  the  better  the  rail  upon  steam  roads.  Upon  a  portion  of 
the  Great  Eastern  road  in  Great  Britain,  wrought-iron  rails  wore  thirty- 
three  years  !  Upon  the  Montreal  street  railway,  wrought-iron  rails  have 
worn  twenty -thi-ee  years.  Upon  your  steam  railroad,  the  coning  given 
to  the  wheels  allows  only  a  very  small  surface  to  come  in  contact  with 
the  rail  head.  Mr.  Forney,  in  his  paper  ''Rail  Sections  and  Flange 
Wear,"  states  that  the  load  thus  brought  upon  the  rail  head  is  from 
40,000  to  60,000  pounds  per  square  inch.  The  Railroad  Gazette,  Nov.  28, 
1884,  states  '■  that  a  cast-iron  car  wheel  of  one  of  the  patterns  now  largely 
in  use,  when  running  with  its  flanges  against  the  side  of  a  certain  rail, 
largely  used,  has  a  cro-s-bearing  of  no  more  than  -^^  inch  in  extent. 
The  area  of  the  bearing  surface  under  a  33-inch  wheel  in  such  case  is  i 
square  inch.  With  the  surfaces  between  wheels  and  rails  no  greater 
than  they  now  quite  commonly  are,  the  weight  borne  by  the  opposing 
surfaces  is  in  case  of  a  fully  loaded  eight-wheel  twenty-ton  car  about 
60,000  pounds  per  square  inch." 

A  prominent  manufacturer  of  car  wheels  tells  me  that  he  gives  a  slope 
or  cone  of  i  inch  in  four  inches  upon  bis  steam  car  wheels,  and  yVi^^^h  in 
two  inches  for  the  street  car  wheel.  My  stringer  being  dressed  to  pattern, 
I  give  its  top  such  an  inclination  that  my  car  wheel  has  a  continuous 
bearing  across  the  rail  head,  two  inches. 

The  weight  of  an  average  American  street  car  is  4,700  lbs.,  or  say  1,200 
lbs.  per  wheel ;  and  6,000  lbs.  is  the  greatest  weight  I  have  ever  known 
upon  a  street  car  wheel  from  dead  weight  and  live  load.  As  the  bearing 
is  say  j^"  X  3"  =  f  of  a  square  inch,  and  the  load  6000  lbs.,  it  equals  16,000 
lbs.  per  square  inch,  or  about  two-thirds  the  weight  Mr.  Welch  considers 
necessary  to  condense  or  crush  an  iron  rail. 
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The  speed  upon  your  steam  roads  is  an  important  factor  in  the  wear  of 
rails.  The  speed  upon  the  horse  railroad  does  not  usually  exceed  six 
miles  per  hour.  I  have  tried  to  find  experiments  upon  the  relative 
abrasion  of  iron  and  steel.  Rennie's  experiments  indicated  that  dry  sur- 
faces were  abraded  by  the  following  weights  in  pounds  per  square  inch  : 
Wrought-iron  on  wrought-iron,  560  ;  wrought-iron  on  cast-iron,  709  ; 
steel  on  cast-iron,  672.  Our  car  wheels  are  chilled  cast-iron.  It  would 
appear  from  the  foregoing  experiment  that  the  iron  rail  would  require  5 
per  cent,  greater  pressure  than  the  steel  to  have  abrasion  begin.  Our 
rails  are  ground  out.  If  of  fair  workmanship  and  quality  of  iron,  the 
weight  is  not  sufficient  to  cause  lamination:  they  must  then  fail  from 
wear.  The  mud  that  covers  our  streets  nine-tenths  of  the  time  affords  a 
grit  of  greater  or  less  sharpness,  and  the  constant  grind  cuts  off  the  rail's 
surface.  This  constant  grind  also  tells  upon  our  car  wheels.  The  manu- 
facturer who  furnishes  our  wheels  makes  a  wheel  for  steam  roads  that 
he  guarantees  to  run  60,000  miles.  Increased  speed  and  the  more  general 
use  of  air-brakes,  etc.,  etc.,  has  caused  this  guarantee  to  be  now  reduced 
t  )  50.000  miles.  The  same  metal  and  equal  care,  in  the  manufacture 
give  us  a  wheel  whose  average  life,  as  nearly  as  I  can  compute  it,  is 
about  30,000  miles,  upon  a  time-table  of  six  miles  per  hour  !  And  this  is 
a  longer  service  than  we  have  obtained  from  the  wheels  of  any  other 
manufacturer.  Human  life  is  not  endangered  by  the  breaking  of  a 
street  car  wheel,  and  we  wear  them  much  thinner  than  could  be  done  on 
any  steam  road.  We  have  had  wheels  taken  out  of  our  cars  with  the 
tread  worn  through,  excepting  -f^  of  an  inch. 

My  experience  does  not  give  the  relative  durability  in  practice  of  steel 
and  iron  rails.  I  have  iron  rails  in  our  main  line  on  Wells  street  They 
aj-eyet  in  fair  condition  after  nine  years'  wear,  Imt  it  is  impossible  to  give 
the  tonnage  they  have  carried.  I  could  give  the  number  of  car 
wheels  that  have  passed  over  them,  but  not  the  general  traffic  or  weight 
of  passengers.  I  have  steel  rails  in  nearly  as  good  condition  under  about 
the  same  tonnage.  The  time  of  service  has  been  less,  but  the  traflSc 
greater.  On  the  other  hand,  upon  our  Clark  street  main  fine,  between 
Chicago  avenue  and  the  Viaduct,  I  had  to  take  up  the  steel  rails,  equal 
in  length  to  about  two  and  a  half  miles,  after  four  years  and  ten  months* 
service.  Our  rail  is  denominated  a  "  step  rail."  The  car  wheel  travels 
on  a  head  two  inches  wide  on  one  side,  and  a  tram  three  inches  wide  is 
l^ovided  for  ordinary  vehicles.  About  one-half  the  metal  in  the 
rail  is  in  the  head,  which  is  one  inch  above  the  tram,  but  tliere 
is  a  groove  in  the  tram  fV  ^f  ^^  inch  deep.  My  car  wheel  flange 
is  one-half  inch  in  depth,  and  I  have  worn  iron  rails  until  the  flange 
split  the  rail.  The  steel  rails  in  question  weighed  originally  169,100 
pounds ;  when  taken  out.  137,590  pounds — a  loss  of  about  19  per 
cent.,  or  say  5  per  cent,  per  annum  for  the  entire  rail.  The  greater 
loss  was  in  the  head,  and  a  number  of  heads  I  measured  at  random  had 
worn  down  a  half  inch.  These  rails  are  fastened  to  the  wooden  stringer 
by  counter-sunk  head  spikes  Y'  X  V  X  5",  twenty-two  and  a  half 
inches  apart.  It  is  a  wretched  fastening,  and  does  not  prevent  vibration. 
At  the  joint  I  now  use  a  patent  fastening,  as  described  in  a  former  jiaper, 
with  satisfactory  results.     The  vibration  of  the   rails    in    question    had 
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caused  nearlv^  every  spike  liead  to  wear  through  the  tram,  and  there  was 
no  way  of  fastening  the  rails,  unless  a  special  spike  was  made  with  a 
larger  head  and  new  counter-sinks  bored  in  the  rails,  or  entirely  new 
holes  bored  intermediate  between  the  original  holes;  for  the  mvinicipal 
authority  will  not  permit  the  spike  head  to  project  above  the  tram,  as  it 
would  interfere  with  ordinary  vehicles  traveling  upon  the  tram.  One 
end  of  each  rail  against  the  traffic  was  battered.  I  got  an  estimate  of  the 
cost  of  cutting  off  this  end  and  boring  new  holes,  when  the  rail  might 
have  been  again  used.  Old  iron  is  in  constant  demand,  and  many 
inquiries  are  made  for  it.  Not  so  old  steel.  No  one  ever  solicited  our 
old  steel.  I  wrote  to  various  parties.  One  offered  flO  per  ton,  another 
$13.50,  and  I  finally  sold  them  for  |12.75  per  ton  f.  o.  b.  to  a  party  who 
expected  to  use  them  in  the  track  of  a  country  road.  I  could  have  sold 
them  far  more  readily  and  at  a  price  25  per  cent,  to  50  per  cent,  greater 
had  they  been  of  iron.  I  would  state  that  thesis  rails  wore  quite  uni- 
formly, not  developing  any  imperfections  of  manufacture.  At  certain 
hours  eighty  cars  pass  over  that  portion  of  my  line  in  sixty  minutes, 
besides  many  vehicles  whose  number  I  cannot  approximate. 

The  first  cost  of  iron  and  of  steel  rails  is  now  the  same,  and  unless  the 
steel  wears  enough  longer  to  make  up  the  difference  in  value  as  "old 
scrap,"  iron  is  the  cheaper.  1  brought  up  this  question  of  relative  dura- 
bility at  the  last  convention  of  the  American  Street  Railroad  Association, 
but  obtained  little  information.  If  I  had  steel  mils  side  by  side  with  iron 
rails,  and  one  wore  twice  as  long  as  the  other,  it  would  simply  prove  the 
relative  durabilitj' of  that  steel  and  that  iron .  To  judge  intelligently,  I 
must  know  the  chemical  constituents  and  the  process  of  manufacture. 
Comparatively  poor  iron  can  be  made  into  fair  rails  if  thoroughly  welded, 
and  good  steel  can  make  poor  rails  if  improperly  rolled.  We  all  know 
that  iron  may  be  good  or  bad,  and  steel  the  same. 

This  is  a  matter  worthy  of  investigation,  and  I  trust  these  few  remarks 
may  serve  to  bring  out  a  full  discussion  from  our  members. 
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By  Walter  P.  Rice,  Member  op  the  Civil  Eng:nkers'  Club  of  Cleveland. 
[Read  April  14,  18S5.] 


The  modifications  of  waves  by  obstructions  and  resistances  not  only 
offer  an  interesting  study,  but  one  of  great  importance,  as  the  success 
and  efficiency  of  hydraulic  works  depends  to  a  verj'  large  extent  upon 
the  nature  of  these  wave  modifications,  under  the  conditions  governing 
each  particvilar  case.  It  is  not  my  intention  in  these  remarks  to  attempt 
to  give  any  explanation  of  the  actual  movement  of  the  wave  particles. 
Whether  the  theory  that  the  particles  of  water  oscillate  in  a  vertical 
plane  without  advancing  in  a  horizontal  direction  is  correct,  or  whether 
the  less  accepted  theory  of  Colonel  Emy  that  the  particles  of  water  in  a 
wave  "  are  affected  by  a  series  of  orbicular  movements  either  simple  or 
compound,  whose  intersections  form  the  surfaces  of  the  waves  them- 
selves," is  correct,  it  would  be  presumption  on  my  part  to  say  ;  but  I  am 
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inclined  to  the  belief  that  the  latter  theory,  as  I  understand  it,  more 
nearly  explains  many  of  the  wave  phenomena,  and  further,  that  the 
orbits  have  an  actual,  though  perhaps  small  movement  of  translation 
under  favorable  conditions.  I  shall,  therefore,  confine  these  remarks  to 
wave  movements  in  the  general  sense.  It  will  be  sufficient,  therefore,  to 
treat  the  apparent  movements  as  real. 

The  phenomena  of  wave  interference  or  back  sea  is  produced  naturally 
by  steep,  bluff  shores  and  artificially  by  works  of  construction,  such  as 
breakwaters,  piers,  etc.  The  authorities  state  in  regard  to  the  extent  of 
back -sea  action,  that  "  it  ceases  to  be  felt  at  a  distance  of  about  half  a 
mile  from  the  obstacle."  I  have  every  reason  to  believe  that  the  action 
extends  to  longer  distances — under  favorable  circumstances  at  least  a 
mile.  As  a  fact,  the  water-works  crib,  situated  0.8  of  a  mile  from  the 
lake  arm  of  the  Cleveland  breakwater,  had  an  iron  door  on  the  south  side 
burst  in  by  back  seas  after  the  construction  of  the  breakwater,  and  lake 
cajjtains  give  what  would  seem  to  me  extravagant  estimates  as  to  the 
distance  to  which  its  effect  is  discerrdble  in  the  handling  of  their  craft. 

From  observation,  the  writer  would  offer  the  following  explanation  of 
reflected  waves  and  the  manner  of  their  propagation.  The  peculiar  phe- 
nomena of  wave  interference  or  back  sea,  in  which  the  most  noticeable 
features  seem  to  consist  of  violent  vertical  oscillation,  with  wave  fronts 
running  in  every  direction  and  dancing  crests,  and  in  which  there  seems 
to  be  an  entire  absence  of  law — is,  it  seems  to  me,  susceptible  of  easy 
explanation.  Remembering  that  the  reflection  of  water  from  a  resisting 
medium  follows  the  same  laws  as  that  of  light  and  sound,  an  analysis  is 
soon  made. 


/7^.^ 


In  the  above  figure  if  A  i  B  represent  a  breakwater,  pier  or  other 
resisting  medium,  and  1  2  ^4  the  incoming  wave-front,  then  2  4  and  13  5 
would  represent  the  reflected  wave-fronts,  and  the  latter  would  travel 
along  the  hollows  of  the  former,  but  with  diminished  velocitj'.  The 
point  2  of  the  original  wave-front  having  progressed  to  4.  the  jjortion  2  A 
of  the  original  wave  has  reached  its  gi'catest  elevatio7i  along  A  4  B  and 
rolled  away  in  the  slnpe  of  the  reflected  wave  2  4.     The   original   wave- 
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front  1  2  A  has  changed  into  the  compound  wave  2  4  3.  and  the  portion 
2  ^-1  into  2  4  the  point  2  going  to  4,  and  A  to  position  originally  occupied  by 
2.  The  condition  being  such  that  in  th(!  majority  of  cases  the  incoming 
waves  strike  the  reflected  ones  endwise,  as  in  the  illustration,  the  for- 
ward motion  or  propagation  of  the  reflected  waves  is  but  slowly  over- 
come, and  the  two  systems  of  waves  mutually  cut  or  intersect  one 
another,  each  point  of  intersection  forming  a  new  wave  front 
B  B,  and  producing  a  crest  exceeding  in  height  that  of  the 
normal  or  incoming  wave,  by  almost  double.  An  inspection 
of  the  parallelogram  of  forces  at  1  will  show  that  the  original 
simple  disposition  of  forces  rapidly  becomes  very  complicated, 
and  produces  an  inextricable  confusion  of  wave-fronts,  in  which  it  is 
almost  impossible  to  retain  control  of  a  ship  and   prevent  her  steering 
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badly,  at  the  very  t'me  when  a  vessel  has  to  be  handled  with  the  great- 
est skill  and  certainty,  namely,  on  her  entrance  to  a  harbor.  From  per- 
sonal obsei-vations  I  am  satisfied  that  the  above  explanation  of  the 
apparent  motions  of  the  waves  is  the  correct  explanation  of  the  actual 
transmission  of  forces,  and  I  have  on  different  occasions  been  able 
to  clearly  see  and  define  the  two  principal  wave  motions,  and  detect 
some  of  their  subsequent  modifications,  and  to  satisfy  myself  that 
reflected  waves,  or  "  back  seas,"  may,  under  favorable  circumstances,  be 
propagated  to  longer  distances  than  stated  by  the  authorities. 
Relation  of  Hydraulic  WorJcs  to  Back  Seas. 
Theoretically  the  most  perfest  formation  of  back  seas  would  be  caused 
by  a  perfectly  smooth  vertical  surface.  Further,  Nature  by  the  equilibrium 
which  she  establishes  between  the  slope  of  shore  lines  and  wave  force  and 
the  effectual  dissipation  of  wave  energy  by  friction,  would  seem  to  favor 
designs  having  slope  to  seaward.  It  is  true  that  a  slope  increases  the 
ascensional  power  of  the  waves;  but  remember  that  it  is  destroying  the 
vast  energy  converted  into  back  seas  by  designs  with  vertical  faces. 
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Essentials  in  the  Design  of  an  Ideal  Breakwater  for  Comparatively  Deep 

Water. 

The  following  points  would  suggest  themselves  to  me: 

1st.  That  the  waves  should  be  met  by  a  gentle  slope  to  seaward,  and 
that  it  should  coincide  with  the  storm-developed  slope  to  the  limit  of 
depth  attained  liy  the  maximum  wave  force. 

2d.  That  the  surface  of  the  slope  be  as  rough,  irregular  and  jagged  as 
possible,  so  as  to  create  the  greatest  amount  of  friction. 

A  design  embodying  these  features  would,  it  seems  to  me,  do  away 
with  the  dangerous  back  seas.  In  breakwaters  where,  from  the  nature 
of  the  construction,  back  seas  exist,  some  benefit  might  possibly  accrue 
from  the  use  of  a  curved  entrance.  I  have  roughlj"  shown  the  effect  of 
such  a  curve  in  Fig.  11.,  which  is  to  change  the  direction  of  the  reflected 
forces  and  oppose  them  to  each  other,  thus  leaving  the  entrance  or  pass- 
age comparatively  free  from  their  influence,  and  confining  the  disturb- 
ance to  areas  not  traversed  by  vessels.  In  the  figure  the  full  lines  repre- 
sent the  direction  of  the  original  wave  force  or  wind,  and  the  dotted 
lines  the  direction  of  the  reactions. 

In  conclusion  allow  me  to  remark  that  the  opinions  and  statements  in 
the  above,  if  crude,  have  been  given  freely,  and  more  in  the  hope  of 
drawing  out  the  opinions  of  those  better  i^osted  and  better  able  to  eluci- 
date than  your  humble  servant. 


The  discvission  following  the  paper  on  "Wave  Reaction"  was  on  the 
best  forms  for  structures  calculated  to  resist  the  action  of  waves,  and 
naturally  drifted  into  the  subject  of  Shore  Protection. 

It  was  participated  in  by  Messrs.  Sargent.  Eisenman,  Strong,  Rice  and 
others,  and  various  forms  of  piers  and  breakwaters  were  suggested, 
including  floating  breakwaters,  and  the  failures  and  weak  points  of  various 
expedients  used  for  shore  protection  were  noted. 

One  of  the  gentlemen  spoke  favorably  of  the  common  method  of  short 
pier  jetties,  running  normal  to  the  shore  line  and  spaced  at  short  inter- 
vals, while  others  believed  that  a  V-shaped  jetty  with  the  point  i^eue 
tratingthe  shore  would  yield  better  results;  as  affording  sharp  entrance 
angles  to  the  sand  waves  from  any  quarter. 

The  opinion  was  advanced  that  brush  fascines,  when  properly  con- 
structed and  retained,  constituted  a  valuable,  if  not  vital  adjimct  to  any 
jetty  designed  for  the  collection  and  retention  of  sand. 

Excellent  results  were  claimed  in  the  shape  of  beach  formation  by  a 
style  of  construction  consisting  of  jiiles  about  one-half  foot  apart,  with 
top  waling  strips,  and  bottom  wale  near  water  line,  the  foot  of  piles 
being  reinforced  by  fascines  held  down  by  rip-rajD. 

Vertical  obstructions  to  wave  action  were  deprecated  in  shallow  water, 
as  tending  to  cause  a  scour  at  the  base. 


SANITARY  WORK  AT  THE  UNIVERSITY  OF  VIRGINIA.        323 


RECENT  SANITARY  WORK  AT  THE  UNIVERSITY  OF  VIRGINIA. 


By  Ernest  W.  Bowditch,  Member  of  the  Boston  Society  of  Civil  Engineers. 
LRead  April  15,  1885.] 


Doubtless  all  know  that  the  University  of  Virginia  was  founded  through 
the  efforts  of  Thomas  Jefferson,  about  the  year  1818.  Previous  to  this 
date,  however,  there  had  existed  what  was  known  as  Central  College 
(now  used  as  one  of  the  professors'  residences),  afterward  incorporated 
as  part  and  parcel  of  the  University. 

I  have  indicated  on  this  plan,  the  arrangement  of  the  earlier  buildings 
on  the  lawn,  and  East  and  West  Ranges,  as  they  are  called.  They  were 
not  all  built  at  one  time,  and  not  all  those  that  were  planned  for  this 
locality  have  ever  been  completed,  but  for  our  purposes  it  will  answer  to 
consider  those  shown  here  as  a  unit. 

The  situation  of  the  institution,  near  Charlottesville,  Albemarle  County, 
Virginia,  116  miles  below  Washington,  at  the  junction  of  the  Virginia 
Midland  and  Chesapeake  &  Ohio  Railways,  is  almost  ideal.  At  a  high 
enough  elevation  in  the  well-known  Piedmont  region  to  be  almost  free 
from  malaria,  both  aspect  and  prospect  have  been  well  considered  in  the 
placingof  the  various  original  buildings.  Subsequent  additions,  bringing 
in  widely  different  architecture  and  materials,  have,  to  my  mind,  very 
considerably  marred  the  general  effect  of  the  original  mass,  but  a  bird's- 
eye  view  is  still  very  attractive.  The  buildings,  without  exception,  are 
built  of  brick ;  most  of  them  have  slate  roofs  and  interior  finish  of 
hard  pine.  They  are  also,  for  the  most  part,  provided  with  basements, 
but  rarely  with  cellars.  The  dormitories  seldom  have  basements,  and 
single  floors  are  almost  invariable  everywhere.  The  general  arrange- 
ment of  the  college  buildings  is  rather  unique — in  fact,  so  widely  differ- 
ent from  that  of  any  other  institution  of  the  kind  with  which  I  am 
familiar,  that  a  brief  explanation  may  be  of  interest. 

It  was  originally  intended  by  Mr.  Jefferson  that  the  professors  should 
all  be  single  men,  and  have  their  lecture  rooms  under  the  same  roofs  as 
their  dormitories  and  living  rooms.  It  soon  proved,  however,  that  this 
scheine  was  scarcely  feasible,  that  the  professors  insisted  on  marrying, 
and  therefore  the  plan  was  modified  in  so  far  as  to  have  the  lecture  rooms 
located  entirely  in  outside  buildings. 

The  dormitories  and  buildings  on  the  lawn  are  all  joined  by  arcades,  so 
that  it  originally  was  possible  to  go  1400  feet  without  going  from  under 
cover.  This  has  been  modified  now,  at  the  northern  end  of  the  lawn, 
where  the  arcades  have  been  walled  in  and  made  into  rooms.  The  east 
and  west  ranges  are  also  joined  from  one  end  to  the  other  by  arcades, 
except  at  the  alleyways.  The  professors'  houses  are  placed  at  regular 
intervals  on  both  sides  of  the  lawn,  and  give  great  dignity  to  the  central 
building,  besides  making  possible  a  very  thorough  supervision  of  all 
dormitories  on  that  portion  of  the  grounds.  The  buildings  occupied  as 
hotels  (commons)  and  bj^  literary  societies,  take  the  place  of  professors' 
houses  on  the  ranges,  and  attractive  gardens  separate  the  buildings  on 
the  ranges  from  those  on  the  lawn.     Two  curiosities  may  here  be  men- 
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tioued — the  brick  garden  walls  and  the  old  brick  drains.  The  former, 
only  four  inches  thick  and  some  five  feet  high,  are  rendered  verj-  stable 
by  being  built  like  series  of  S's  joined  together  at  the  top  and  bottom, 
and  many  of  them,  erected  under  Jefferson's  own  eye,  are  to-day  in 
excellent  preservation.  The  old  brick  drains,  of  which  there  api^ear  to 
be  several  sets,  resemble  a  huge  cobweb  in  their  alignment,  and  have,  if 
the  phrase  be  a  proper  one,  grown  up  with  the  University.  Some  of 
them  are  stopped  up  entirely,  very  few  have  regular  grades,  and  all  are 
leaky. 

The  walls  of  the  buildings  are,  as  I  said,  built  entirely  of  brick,  foun- 
dations and  all.  To  go  a  little  more  into  particular?,  it  would  be  entirely 
within  bounds  to  say  that  they  are  largely  built  of  sofc  brick  and  laid  up 
with  lime  mortar.  In  due  process  of  time,  by  the  action  of  the  weather, 
the  lime  mortar  has  disappeared,  so  that  below  the  surface  of  the  ground 
it  was  in  many  instances  possible  to  see  through  the  walls  where  the  plas- 
tering was  torn  down.  Now  these  soft  brick  walls  act  like  blotting  paper  in 
drawing  moisture  up  by  capillary  attraction,  there  being  no  damp  courses, 
and  enough  dampness  is  drawn  up  to  wet  the  plastering  of  the  rooms 
inside  three  and  four  feet  high.  Dormitories  were  found  where  the  walls 
were  so  damp  from  this  cause  that  the  paper  peeled  off  higher  than  the 
top  of  the  beds.  Every  basement  on  the  west  lawn  and  west  range  was 
found  to  be  exceedingly  damp  ;  in  several  there  were  very  considerable 
water  i^rivileges  after  every  storm.  This  may  be  explained  by  the  fact 
that  ledge  comes  to  the  surface  in  many  places,  and  all  of  the  basements 
are  in  rock  excavation.  No  adequate  drains  being  provided  to  carry  off 
the  surface  or  ground  water,  these  basements  have  acted  as  tanks  or 
cisterns,  which  accounts  al&o,  in  a  measure,  for  the  damp  walls.  True,  the 
houses  were  many  of  them  provided  with  areas,  but  these  were  in  no  case 
deep  enough,  and  pitched  toward  the  building  instead  of  away  from  it. 

There  is  a  tradition  that  the  soil  is  clay,  but  from  several  months' 
observation  it  seems  that  the  material  is  sometimes  a  marl,  at  others  a 
decomposed  bastard  granite,  and  occasionally  only  a  second  quality  of 
clay.  That  it  is  not  genuine  clay  can  be  shown  by  the  fact  that  water- 
pipe  trenches  dug  in  it  do  not,  as  a  rule,  hold  water  more  than  a  few 
minutes. 

The  dormitories  are.  for  the  most  part,  rooms  10'  X  13',  or  thereabouts, 
with  one  window  each,  small  open  fireplace,  and  brick  walls  on  all  sides, 
low  pitch  roof  immediately  overhead,  single  hard  pine  floor  raised  from 
eight  inches  to  one  foot  above  the  walk  of  the  arcades  at  the  front,  and 
sometimes  as  much  as  three  feet  at  the  rear,  though  there  is  no  definite 
rule  about  this.  Occasionally,  the  floor  is  below  the  ground  outside  at  the 
rear.  Usually,  there  are  holes  for  ventilation  under  the  floors,  both  fore 
and  aft,  and  sometimes  in  winter  when  the  thermometer  drops  below 
zero  the  rooms  are  very  cold  indeed.  Of  course,  it  goes  without  saying 
that  the  doors  and  windows  are  many  of  them  (after  the  fashion  of 
collegians'  surroundings)  in  a  chronic  state  of  smash,  and  consequently 
very  draughty.  The  public  water-closets  and  urinals  were  located  at 
very  considerable  distances  from  many  of  the  dormitories,  so  that  there 
is  constant  temptation  to  the  boys  to  adopt  some  modification  of  the  old 
Mosaic    law    in    the  immediate    neighborhood    of     their  rooms.       The 
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servants  are  all  colored,  which  in  tliuse  latitudes  implies  shiftlessness. 
so  that  many  instances  were  found  where  chamber  slops  were  regularly- 
thrown  underneatli  the  chamber  floors,  or  on  the  lawn  just  across  the 
arcade  in  front  of  tlie  door. 

The  drinking  water  for  the  portion  of  the  University  comprised  in  the 
W3sl  lawn  and  \V3it  raage,  is  derived  mastly  from  wells  (numbered  1,  2 
aud  3)  which,  from  their  location  and  condition,  were  supposed  to  be  more 
or  less  fouled,  Nos.  1  and  3  parliculariy.  Analyzed,  during  vacation.  No. 
2  showed  pollution  from  an  old  cistern  (now  used  as  a  cessprol),  while 
Nos.  I  and  3  were  in  fair  condition.  For  many  \ears  there  has  been 
considerable  sickness  of  a  zymotic  type  at  the  Univert-ity  that  has  been 
attributed  entirely  to  the  faulty  condition  of  the  old  brick  drains  that  run 
like  cobwebs,  here  and  there  through  the  grounds.  There  seem  to  be  at 
least  three  different  and  distinct  sets  of  these  old  drains,  and  all  were  in 
leaky  condition.  One  of  the  principal  outfalls  had  been,  till  lately,  just 
to  the  windward  of  the  lawn,  and  the  stench  was  at  times  very  bad 
(hearsay).  Careful  investigation  seemed  to  show  that  in  those  parts  of 
the  University  where  the  trouble  existed  there  were  various  matters, 
other  than  the  drains,  that  needed  attention,  and  that  apjjcared  to  be 
quite  as  likely  the  source  of  sickness.  The  condition  of  things  as  found 
in  portions  of  the  suspected  district,  and  to  a  less  extent  elsewhere,  may 
be  thus  summed  up  : 

Imperfectly  drained  land  ;  imperfectly  drained  basements  ;  faulty  brick 
walls,  and  in  consequence  damp  and  wet  plastering  ;  insufficient  and  in- 
convenient sanitai-y  arrangements  ;  insufficient  and  impure  water  supply; 
inadequate  and  leaky  sewers  ;  wretched  plumbing  ;  very  jjoor  arrange- 
ments for  care  of  rooms. 

Briefly  speaking,  the  land  has  been  sufiiciently  drained,  so  that  there  is 
now  not  a  single  case  of  damp  or  wet  basement  in  any  building  used  as 
a  dormitory,  with  two  exceptions,  where  the  change 5  are  incomplete. 

All  damp  and  wet  plastering  has  been  made  permanently  dry,  except 
in  a  few  instances  on  chimney  foundations,  where  it  seemed  hardly  pos- 
sible to  change  the  conditions  save  at  very  great  expense.  Proper  drains 
of  Akron  pipe  have  been  provided  for  seven  of  the  wettest  basements, 
with  excellent  results.  Houses  have  been  jacked  up,  one  after  another, 
and  new  basements  built  with  concrete  floors,  larger  windows,  with 
opportunities  for  additional  sun  and  air,  and  hollow  walls  substituted  for 
t;he  old  solid  ones,  wherever  rebuilding  was  necessary.  The  old  sewers, 
which  may  be  said  to  have  grownup  with  the  University,  have  been  dis- 
continued and  a  new  system  of  separate  sewers,  discharging  at  two  out- 
falls instead  of  eight,  have  been  built,  and  new  plumbing,  with  proper 
grease-traps,  etc.,  all  thorougly  ventilated,  has  been  put  in.  The  public 
water-closets  and  urinals  have  all  been  removed  and  replaced  with 
latrines  and  slate  urinals.  Additional  urinals  have  been  built,  and  slop 
hoppers,  with  provision  for  proper  flushing,  have  been  arranged  in  every 
alley.  The  wells  and  cisterns  have  been  thoroughly  cleaned,  made  tight  at 
the  surface;  the  present  gravity  supply  for  washing  and  cooking  has 
been  supplemented  by  a  W^orthington  pump,  and  work  has  just  begun 
upon  a  system  of  water-works,  to  be  owned  jointly  with  the  town  of 
Charlottesville — a  gravity  system  that  will  furnish  100  gallons  per  capita 
for  1,000  students,  and  double  that  if  necessary. 
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This  much  has  been  accomplished  during  the  past  year,  but  more  wants 
to  be  done. 

The  University  of  Virginia  has  for  years  suffered  exceedingly  from  lack 
of  funds.  Used  dui'ing  the  civil  war  as  a  barracks  and  hospital  for  the 
Confederate  army  of  Virginia,  it  has  had  barely  suflScient  income  since  to 
maintain  itself,  without  any  expenditures  on  buildings  not  imperatively 
necessary.  Before  1861.  its  students  came  from  all  over  the  South  and 
West,  a  few  from  the  North,  and  just  previous  to  the  breaking  out  of 
the  war  over  700  young  Tiien  availed  themselves  of  the  educational  facili- 
ties it  afforded.  Now  most  of  the  Southern  States  except  Kentucky  have 
State  Universities,  so  that  the  Virginia  and  Kentucky  students  form  by 
far  the  majority  to-day  at  the  University  of  Vii-ginia. 

The  amount  of  money  expended  has  not  been  great,  as  labor  and 
materials  are  so  cheap.  About  two  miles  of  sewers  have  been  built,  new 
plumbing  put  in  fourteen  buildings,  five  buildings  provided  with  new 
basements  and  areas  built  around  seven  ;  boiler-house  and  boiler  and  six 
hundred  feet  of  4-inch  cast-iron  pipe  have  been  laid,  twenty-four  new 
latrines,  new  urinals  and  slop  hoj^pers  with  proper  connections,  and  the 
total  expense  to  date  is  $25,500.  The  best  labor  costs  from  75  to  90  cents 
per  day  (60  cents  per  week  to  live),  brick  $3.25  to  $4.00  per  1,000,  and  lay 
13  to  the  cubic  foot  ;  cement  about  the  same  as  here,  and  sand  higher. 
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FI?,OCEEr5I3SrGrS. 
BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


April  15,  1885: — A  regular  meeting  was  held  and  called  to  order  at  7:50 
P.  M.     Twenty-five  members  present. 

In  the  absence  of  the  President  and  Vice-President,  Mr.  C.  W.  Folsom  was 
elected  Chairman. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  Chairman  announced  the  death  of  Henry  M.  Wightman.  a  member  of  this 
Society.  On  motion  it  was  voted  :  That  the  Groverument  be  requested  to  appoint 
a  committee  to  prepare  a  memorial  on  the  death  of  Mr.  Wightman.  The  Govern- 
ment has  appointed  as  that  committee  Joseph  P.  Davis,  Clemens  Herschel, 
Edward  W.  Howe. 

Messrs.  Elbridge  L.  Brown,  Sumner  R.  Edmon  and  Arthur  W.  Hunking  were 
proposed  for  membership  respectively  by  Henry  Manley  and  Alexis  H.  French  ; 
G«orge  R.  Hardy  and  Walter  Shepard  ;  Fred  P.  Stearns  and  John  R.  Freeman. 

Messrs.  William  A.  Allen,  W.  Wendell  Wright  and  H.  D.  Woods  were  elected 
members  of  the  Society.     The  following  resolution  was  presented  and  adojated  : 

Besolvecl,  That  the  Boston  Society  of  Civil  Engineers  looks  with  interest  and 
with  favor  upon  the  project  of  a  building  in  Boston  for  the  joint  use  of  scientific 
societies  ;  and  that  it  will  be  ready  to  co-operate  in  the  consideration  and  discus- 
sion of  such  a  project  whenever  and  wherever  it  is  presented  in  a  tangible  form. 

On  motion,  it  was  voted  :  That  the  Government  of  this  Society,  if  in  its  judg- 
ment it  seemed  proper,  be  instructed  to  confer  with  any  society  or  committee 
intrusted  with  the  furtherance  of  this  project. 

On  motion,  it  was  voted  :  That  a  vote  of  thanks  be  extended  to  Mr.  Peter 
Schwamb  for  courtesies  extended  this  society  at  its  recent  visit  to  the  Massachu- 
setts Institute  of  Technology,  April  15,  1885. 

Prof.  William  Ripley  Nichols  read  a  paper  prepared  jointly  with  P.  E.  Borden, 
Jr.,  on  "  The  Chemical  Analysis  of  Corrosion  in  a  Cast-iron  Pipe  from  Fall  River 
Water- Works. " 

Letters  were  read  from  Messrs.  E.  S.  Chesbrough  and  G.  A.  Ellis  regretting  ina- 
bility to  be  present  at  the  last  annual  dinner. 

Mr.  E.  W.  Bowditch  read  a  paper  on  Sanitary  Work  at  the  University  of  Vir- 
ginia. H.  L.  Eaton,  Secretary. 

lAdjoumed.] 

VISIT   OF    THE   SOCIETY   TO   THE     LABORATORIES    OF    THE    MASSACHUSETTS    INSTI- 
TUTE  OF  TECHNOLOGY. 

On  the  afternoon  of  April  15,  1885,  about  twenty  members  of  this  society 
visited  the  Laboratories  of  Mechanical  Engineering,  Applied  Mechanics  and  Mining 
Engineerhig  at  the  Massachusetts  Institute  of  Technology,  and  the  shops  used  in 
connection  with  the  Institute  and  the  School  of  Mechanic  Arts.  The  practical 
operation  of  a  machine  used  for  testing  the  transverse  strength  of  wooden  beams 
was  shown  by  breaking  a  4-inch  by  12-inch  oak  beam  19  feet  in  length.  Other 
apparatus  used  in  testing  engines  and  boilers,  the  slip  of  belting,  etc.,  in  the 
mechanical  laboratory  were  shovvTi  by  Professors  Lanza  and  Richards.  At  the 
School  of  Mechanic  Arts  was  shown  the  work  done  by  the  students  in  the  carpen- 
ter's and  model  department,  iron  and  brass  molding,  forging,  chipping,  filing  and 
lathe  work.  H.  L.  Eaton,  Secretary. 
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ENGINEERS'  CLUB  OF  ST.  LOUIS. 


May  13,  1885: — The  248th  meeting  was  held  at  Washington  Universitj'.  Presi- 
dent Moore  called  the  Club  to  order  at  8:20  P.  M.  There  were  17  members  and  7 
visitors  present.  The  unapproved  minutes  were  read  and  adojited.  The  Executive 
Committee  reported  favorably  on  the  proposal  for  membership  of  Walter  S.  Rus- 
sell. He  was  balloted  for  and  elected.  Mr.  Joseph  T.  Monell  was  proposed  for 
membership  by  Messrs.  W.  B.  Potter  and  J.  B.  Johnson. 

The  committee  to  consider  the  status  of  Civil  Engineers  in  the  employ  of  the 
United  States  made  the  following  report  : 
Engineers'  Club  of  St.  Louis: 

Gextlemex  :  Your  committee  to  consider  the  status  of  Civil  Engineers  in  the 
emplov  of  the  United  States  respectfully  report : 

Thai  we  find  the  cjuestion  of  the  relation  of  Civil  Engineers  to  the  public  works 
undertaken  by  the  General  Government  was  one  of  considerable  prominence  in  the 
debates  in  Congress  during  the  late  session  of  that  body,  and  is  now  in  the 
public  press.  Also,  that  there  is  a  general  impression  that  the  time  has  come  for 
an  increase  in  the  i\umbers  of  the  corps  of  Engineers  sufficient  to  enable  them  to 
conduct  the  works  under  the  present  organization  without  employing  civilians,  or 
for  a  reorganization  of  that  branch  of  the  public  service  by  which  it  shaU  be  made 
a  distinctively  civil  service. 

Your  committee  is  decidetlly  of  the  opinion  that  the  best  interests  of  the  military 
service,  as  well  as  those  of  the  civil  engineering  profession  and  of  the  country  as 
interested  in  both  these,  demand  that  the  latter  alternative  be  the  one  pursued. 

Yotu"  committee  regrets  to  see  the  discussion  of  the  sul>jcct  in  the  jniblic  press 
turning  aside  from  the  broad  question  of  creating  an  or,i;anization  for  the  conduct 
of  public  works,  which  shall  be  equitable  and  just  in  distribution  of  rewards  for 
merit,  in  promotion  to  higher  rank  and  pay;  which  shall  recognize  the  change  in 
the  condition  of  the  engineering  profession,  both  military  and  civil,  since  the  days 
when  both  had  to  be  iiiiported  from  Europe,  and  which  shall  allow  its  engineers  to 
come  by  judicious  selection  the  same  as  judges  are  selected,  from  the  ranks  of  a 
profession,  and  not  from  the  roll  of  a  single  school. 

To  this  question  ^jersonal  matters,  past,  present  or  future,  the  value  of  the  differ- 
ent schools  and  mode  of  training,  or  the  honesty  and  truthfulness  inculcated 
through  certain  associations,  are  alike  foreign. 

There  seems,  therefore,  to  be  need  for  a  conservative  influence,  lest  the  utter- 
ances of  individuals  be  taken  as  expressing  the  views  and  wishes  of  the  engineer- 
ing profession,  and  lest  a  discussion  of  a  pure  question  of  public  policy  degenerate 
into  a  controversy  about  matters  of  no  consequence. 

Other  clubs  than  our  own  have  taken  up  the  consideration  of  the  matter  and 
have  appointed  committees.  It  has  been  suggested  that  these  committees  act 
together  if  possible  through  correspondence  and  confei-ence,  by  representations,  if 
practicable  with  a  view  to  a  joint  memorial  to  express  to  Congress  our  view  of  the 
matter  and  a  draft  of  the  legislation  required  to  carry  that  view  into  practical 
effect. 

Your  committee  therefore  asks  to  be  continued,  and  for  authoritj*  to  confer  with 
the  representatives  of  other  Eugiuearing  Societies,  Clubs  or  Associations,  with  a 
view  to  concert  of  action,  but  without  power  to  pledge  this  club  to  anj-thiug. 
Respectfull}', 

Robert  E.  McMath,  ) 

j.  a.  ockersox,  ) 

By  vote  of  the  Club,  the  committee  was  continued  and  the  authority  asked  was 
granted. 
Mr.  Frank  H.  Pond  read  a  paper  on  •'  Pumping  Machinery  and  Water- Works." 
The  paper  was  discussed  by  Messrs.  Moore,  Johnson,  McMath  and  Seddon. 
[Adjounied.}  Thos.  D.  Miller,  Secretary. 

May  27,  1885  :— The  Club  met  at  AVashington  University  at  8  p.  M. 

President  Moore  in  the  chair  ;  sixteeen  members  and  seven  visitors  present. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  Executive  Committee  recommended  that  Jos.  T.  Monnell,  proposed  by 
Messrs.  Potter  and  Johnson,  be  elected  a  Member  of  the  Club.  He  was  balloted 
for  and  elected. 
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Mr.  Winslow  Allderdice.  of  Akron.  Ohio,  wa.s  proposed  for  inemVjership  by 
Messsrs.  W.  B.  PotU-r  and  VT.  H.  Allderdice. 

A  motion  t^j  hold  a  meeting  of  the  Club,  Wednesday,  June  10,  1885,  wa.s 
carried. 

Wm.  H.  Br)-an  read  a  fjaper  on  ••  Long  and  Short  Stroke  Engines,'"  in  reply  to  a 
recent  publication. 

The  pafjer  was  dLscussed  by  Mes.srs.  Baker.  Allderdice  and  others. 

Mr.  W.  H.  Allderdice  read  a  paper  on  '•  The  Design  of  P».eceiver  ComfK^^und  En- 
gines." The  paper  gave  very  complete  mathematical  disciLssion  of  the  suViject  with 
blackboard  illastrations.  It  was  discussed  by  Messrs.  John.son,  Baker.  Moore  and 
others. 

Capt.  J.  H.  AYillard,  of  the  Mississippi  River  Commission,  was  present,  and 
gave  some  interesting  facts  concerning  compoimd  engines  on  Western  river  steam- 
boats. 

[Adjourned.']  Tho.s.  D.  Miller,  Secretary. 


June  10,  188.5  : — The  Club  met  at  Washington  University  at  8  p.  Ji. 

President  Moore  was  in  the  chair,  and  twenty-four  Members  and  five  visitors 
were  present. 

The  unapfjroved  minutes  were  read  and  adopted. 

The  Executive  Committee  recommended  that  Winslow  Allderdice,  proposed  bj* 
Mes-srs.  Potter  and  AUderdice,  be  elected  a  Member  of  the  olub. 

He  was  balloted  for  and  elected. 

The  Committee  also  reported  that  in  furtherance  of  the  request  of  the  Board  of 
Managers  of  the  Jourxal  of  the  A.ssociation  of  Engineering  Societies,  they  have 
adopted  the  following  rule  : 

Papers  which  are  published  in  technical  journals  by  procurement  of  the 
authors,  will  be  considered  as  withdrawn,  and  will  not  be  published  in  the 
Journal. 

Mr.  Thos.  McMath,  of  St.  Louis,  Mo. ,  was  proposed  for  membership  by  Messrs. 
M.  L.  Holman  and  S.  F.  Burnet. 

Mr.  Ockersfjn  moved  that  when  the  Club  adjourn  it  adjoiUTi  to  meet  at  the  call 
of  the  Executive  Committee. 

The  motion  was  carried. 

Prof.  W.  B.  Potter,  Chairman,  read  the  report  of  the  Committee  on  Smoke  Pre- 
vention. 

On  motion,  the  Committee  was  continued,  with  the  request  that  the  matter  pre- 
sented be  prepared  for  fjublication. 

The  subject  was  very  generally  discussed. 

[Adjov.med.'\  Thos.  D.  Miller,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


Mat  19.  1885  :— The  209th  meeting  was  held  in  the  Society's  Hall,  at  4  p.m., 
President  Williams  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

In  the  absence  of  the  Secretary,  Mr.  Liljencrantz  was  appointed  to  act  as  Sec- 
retary ^^ro  tern. 

Application  for  membership  was  received  from  Prof.  H.  B.  Herr,  of  Chicago 
lU..  indorsed  by  Messrs.  Liljencrantz.  Draper  and  B.  Williams. 
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On  motion,  the  Trustees  were  authorized  to  dispose  of  such  furniture  belonging 
to  the  Society  as  will  not  hereafter  he  required. 

[Adjonrned.'i  G.  A.  M.  Liljencrantz,  Secretary  f)ro  tern. 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


ANNUAL  ADDRESS  OF  PRES.  J.  F.  HOLLOWAY  BEFORE  THE   CIVIL  ENGINEERS' 
CLUB  OF  CLEVELAND,    MARCH  10,  1885. 

It  has  been  the  custom  at  our  annual  meetings,  for  the  President  to 
make  a  somewhat  extended  review  of  engineering  progress  during  the 
year  past,  not  only  in  our  immediate  vicinity,  but  in  the  country  at  large. 

For  various  reasons,  but  principally  that  we  may  have  more  time  to 
devote  to  other,  and  more  agreeable  exercises  that  are  to  come  later,  I 
purpose  to  omit  any  extended  remarks  upon  that  topic  at  this  time.  It 
is  with  much  pleasure  that  I  announce,  that  the  growth  and  progress  of 
the  club  has  been  constant,  and  satisfactory.  The  total  number  of  mem- 
bers is  now  134;  of  that  number  17  have  been  added  during  the  past  year, 
and  one  member,  Mr.  John  Crehore,  has  died.  When  you  take  into  ac- 
count the  short  space  of  time  in  which  the  club  has  had  an  existence, 
and  also  the  fact,  that  previous  to  that  time  there  had  been  no  organi- 
zation by  which  members  of  our  various  professions  had  been  thrown 
together,  or  by  which  they  were  enabled  to  make  the  acquaintance  of 
each  other,  the  result  as  now  shown  is  exceedingly  satisfactory,  and  reflects 
great  credit  upon  the  few  members  who  were  in  the  main  instrumental  in 
its  formation.  But  I  have  not  alone  to  congratulate  you  on  the  material 
progress  you  have  made,  both  as  to  membership,  financial  standing,  and  the 
social  eminence  you  have  attained,  but  also  as  to  the  practical  and  scientific 
value  of  the  papers  that  have  been  read  during  the  past  year,  and  the  dis- 
cussions thereon ;  all  of  which  are  shown  forth  in  the  pages  of  The 
Journal  of  the  Association  of  Engineering  Societies.  It  will  be  proper 
for  me  to  make  mention  of  the  fact  also,  that  the  Association  of 
Engineering  Societies,  the  formation  of  which  was  the  result  of  the 
action  taken  by  this  club  nearly  five  years  ago,  and  during  which  time 
we  have  been  so  ably  represented  in  its  management  by  our  member, 
Mr.  M.  E.  Rawson,  has  never  been  in  better  condition  than  now.  During 
the  past  year  two  more  societies  liave  become  members  of  the  organi- 
zation, the  Engineers'  Club  of  Minnesota,  and  the  Civil  Engineers' Society 
of  St.  Paul,  and  still  another  Western  society  has  made  overtures  for 
admission.  It  is  yet  too  early  to  say  just  what  effect  this  increased 
membership  will  have  ;  but  it  is  safe  to  believe  it  will  result  in  increasing 
the  interest  of  the  Journal,  and  of  decreasing  its  cost  to  its  member- 
ship. 

During  the  year,  as  I  before  said,  the  club  has  suffered  the  loss  of  one 
of  its  highly  esteemed  and  valued  members.  While  not  a  particularly 
strong  man  physically,  until  in  answer  to  an  outstretched  hand  which 
beckoned  him  "  to  come  up  higlipr,"  Mr.  Crehore  seemed  a  year  ago  as 
likely  as  any  one  to  take  his  plane  here  to-night.     To  ihe  beautiful  and 
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touching  eulogy  paid  to  bis  memory  by  our  valued  member,  and  his 
warm  personal  friend  Professor  Stockwell,  no  words  of  mine  can  add  a 
single  unexpressed  loving  thought ;  but  permit  me  to  suggest,  that  here- 
after in  our  yearly  membership  list  there  be  added  the  names  of  those 
who  have  "  passed  over  to  the  other  side."  It  seems  to  me,  that  as  years 
go  on  apace,  those  who  are  left,  will  turn  now,  and  then,  with  loving 
hearts  and  fond  remembrances,  to  the  page  whereon  shall  be  recorded 
our  honored  dead  ;  and  may  we  not  all  feel,  in  the  consciousness  of  that 
record  that  shall  await  us  ''  after  life's  fitful  fever  is  o'er,"  a  new  inspira- 
tion that  shall  aid  us  in  making  our  lives  more  worthy,  more  useful, 
and  more  helpful  to  all  about  us.  While  I  did  not  intend  at  the  outset 
to  refer  to  any  engineering  achievements,  there  has  come  to  my  knowl- 
edge one  that  must,  I  think,  interest  you  ail.  Standing  a  few  days  ago 
in  the  midst  of  a  large  industrial  works,  surrounded  with  evidences  of 
unusual  activity,  I  was  led  to  inquire  as  to  its  cause.  I  was  told  that 
they  had  just  received  a  cablegram  from  the  English  government  order- 
ing a  number  of  extra  large,  and  powerful  steam  pumps,  such  as 
are  in  use  in  this  country  for  pumping  oil  from  the  wells  to  the 
seaboai'd.  These  pumps  are  to  be  placed  along  a  pipe  line  from 
the  Nile  River  across  the  desert  toward  the  Soudan,  for  the  relief, 
and  sustenance,  of  the  Englisli  army  now  in  Egypt ;  which,  in 
addition  to  the  danger  of  confronting  the  hordes  of  the  "  False  Prophet,"' 
must  very  soon  meet  the  added  danger  of  a  tropical  sun's  heat,  on  arid 
plains  where  no  wells  are  to  be  found,  and  where  no  fountains  flow 
to  slake  a  thirst  which,  otherwise,  must  waste  as  a  plague  by  day  and  by 
night.  Standing  there  amid  the  whirling  wheels  and  revolving  spindles 
of  an  engineering  workshop,  busy  on  such  an  errand  of  mercy,  I  could 
not  but  feel  proud  of  my  country,  and  of  my  profession  ;  and  in  my 
fancy  I  saw  standing  on  the  banks  of  that  ancient  river,  whose  waters 
once  cradled  the  childhood  of  not  only  the  world's  greatest  law-giver, 
but  engineer  as  well,  an  American  engineer,  planting  there  the  inven- 
tion of  an  honored  though  dead  citizen,  which,  when  completed,  he 
would  touch,  as  did  Moses  with  his  rod,  the  rock  at  Meribah,  and  now, 
as  then,  there  will  leap  forth  a  flood  of  life-giving  water  which  shall 
burst  out  anew  on  every  plain,  and  in  every  camp,  above  which  in  the 
sultry  air  shall  float  the  cross  of  St.  George.  While  war  at  best  is  full 
of  horrors,  I  have  thought  possibly  there  might  grow  out  of  this  new 
and  untried  expedient  for  its  prosecution,  something  of  value  in  more 
pacific  times.  It  may  be  that  from  that  long  line  of  black  pipes,  which 
like  a  huge  serpent  will  stretch  itself  across  the  desert  sands,  there  will 
come  here,  and  there,  drops  of  crystal  water,  which,  falling  on  soil  barren 
for  a  thousand  years,  will  find  hidden  germs  therein  that  shall  spring 
into  new  life  and  beauty,  thus  making  in  reality  the  "  desert  to  blossom 
as  the  rose,"  and  also  showing  what,  by  the  aid  of  the  engineer  and  his 
inventions,  may  be  done  in  reclaiming  a  land  now  worthless,  but 
which  was  once  famous  for  its  fertility.  Did  time  permit,  I  would  gladly 
go  on  and  illu-trate  how,  in  a  thousand  ways,  the  genius,  the  skill,  and 
the  industry  of  the  inventor,  and  engineer,  has  contributed  to  the 
advancement  of  science,  art  and  civilization.  As  the  years  move  on,  the 
world's  indebtedness  to  our  profession  is  being  more  generally  recognized  ; 
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and   as  the    warriors  and   conquerors  of  the   olden  time  fa  !e   out   of 

remembrance,  it  is  the  man  of  thought,  and  study,  that  is  taking  their 

phice.     Where,  amid  all  the  triumphal  arches,  and  monuments,  reared  to 

])erpetuate   a  warrior's  name,  or  battles  fought,    is  there  one  so  held  in 

xiniversal  esteem  as  that  of  James  Watt,  the  engineer,  beneath  which,  in 

letters  of  enduring  granite,  are  these  words  of  Lord  Brougham  : 

"  Directing  the  force  of  an  original  genius. 
Early  exercised  in  phil  jsopuical  reseirch 
To  the  improvement  of  the  steini  engine, 
Knarged  tii-  tesouices  of  his  country. 
Increased  the  power  of  man. 
-^Dd  rose  ta  an  eminent  place 
Anmng  the  must  illustiious  followers  of  science 
And  tiie  real  benef -.ctors  vf  the  world." 


ENGINEERS'  CLUB  OF  MINNESOTA. 


Maech  13,  1885  : — Regular  meeting  called  to  order  by  the  President,  eighteen 
Members  being  present. 

The  new  committees  on  Lighting,  Heating  and  Ventilation,  on  Electrical  Engi- 
neering and  on  Miscellaneous  Matters,  were  annoimced  by  the  President. 

The  President  was  made  t\r-officio  membei"  of  all  the  committees. 

Messrs.  Walter  Pardee  and  D.  P.  Walters  were  elected  members  of  the  Club, 
and  the  following  gentlemen  Mere  proposed  for  membership  :  H.  W.  MoreU  and 
C.  B.  Asken  by  J.  H.  Woolsey,  and  Jas.  Waters  and  F.  L.  Stran  by  L.  H. 
Baker  and  W.  W.  Redfield. 

Prof.  Pike  invited  the  Club  to  witness  some  tests  of  materials  at  the  University 
on  Friday,  March  27,  and  afterward  to  meet  socially  at  his  house,  which  invita- 
tions were  accepted. 

The  Clttb  then  took  up  the  subject  for  discussion,  "  The  New  Central  Bridge 
over  the  Mississipi^i — What  and  Where  Should  it  Be  ?"  This  matter  was  very  gen- 
erally discussed,  and  tinallj'  it  was  voted  that  the  Club  indorse  the  decision  already 
arrived  at,  namely,  to  build  a  stone  arch  bridge  80  ft.  wide  on  the  site  of  the  Sus- 
pension Bridge. 

[Adjoiu-ned.]  Wm.  A.  Pike,  Secretary. 

April  10,  1885  : — Regular  meeting,  nine  Members  being  present. 

In  the  absence  of  the  President  and  Vice-President,  Mr.  James  Waters  was 
elected  President  p;'o  tempore. 

The  records  of  the  last  meeting  were  read  and  approved. 

Messrs.  F.  L.  Stran,  H.  W.  MoreU  and  C.  B.  Asken  were  elected  Members  of  the 
club,  and  the  following  gentlemen  were  proposed  for  membership  :  R.  H.  San- 
ford  by  Wm.  A.  Pike  and  James  Waters,  C.  F.  Terney  by  James  Waters  and 
A.  C.  Libly,  J.  H.  McNulty  by  W.  W.  Redfield  and  Wm.  A.  Pike. 

Mr.  Pike  then  read  a  jjaper  upon  "  Some  Tests  of  Materials  Made  at  the  Univer- 
sity of  Minnesota,"  which  was  discussed. 

[Adjourned.']  Wm.  A.  Pike,  Secretary. 

May  8,  1885  : — Regular  meeting.  In  the  absence  of  the  President,  Vice- 
President  Abbott  presided,  thirteen  Members  being  present. 

The  records  of  the  last  meeting  were  read  and  approved. 

Messrs.  R.  H.  Sauford,  C.  F.  Terney  and  J.  McNtdty  were  elected  Members  of 
the  club. 

Mr.  James  Waters  read  a  paper  upon  "Pumping  Machinery  versus  Reservoirs," 
which  was  generally  discussed. 

On  motion  of  Mr.  De  la  Barre,  the  Chair  appointed  Messrs.  De  la  Barre.  Pike 
and  Newman  to  consider  the  advisability  of  an  excursion  for  the  members  of  the 
club  and  their  families. 

[Adjo\ir,ied.]  Wm.  A.  PiKE,  Secretary. 


Editors  reprinting  articles  from  this  Journal  art 
requested  to  credit  both  the  Journal  and  the 
Society  before   which  such  articles  were  read. 
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ms  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 


DYNAMOMETERS. 

By  C.  F.  White,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  April  29,  1885.] 


Power  measurement  has  been  carried  on  ever  since  prime  movers  have 
been  employed,  and  the  great  variety  of  devices  for  such  measurement 
are  but  different  forms  of  dynamometers. 

The  friction -brake  and  the  indicator  represent  two  classes  of  power 
measuring  machines  in  very  general  use.  But  the  word  dynamometer  is 
acquiring  a  narrower  and  more  technical  meaning,  so  that  at  preseiit  it 
most  often  means  a  machine  for  transmitting  and,  at  the  same  time^ 
measuring  power.     Hence  the  full  name,  transmitting  dynamometer. 

The  demand  for  this  class  of  instruments  has  increased  with  the  move- 
ment toward  centralization  in  development  of  power,  and  also  with  the 
growing  call  for  a  more  exact  knowledge  of  the  power  required  for 
various  kinds  of  w^ork.  Members  of  our  club  have  informed  us  of  the 
excellent  appliances  at  hand  for  the  measurement  of  gas  and  of  water, 
and  I  am  glad  to  call  your  attention  to  several  I'ecent  forms  of  power- 
meters,  fully  equal,  I  believe,  in  convenience  and  accuracy  to  gas  or 
water  meters. 

Right  here  I  ought  to  say  that  most  of  the  dynamometers  which  I  shall 
mention  have  been  described  at  different  times  in  technical  and  engineer- 
ing journals.  A  short  review  of  their  leading  features  will  not,  I  believe, 
be  amiss. 

In  a  transmitting  dynamometer  some  element  of  a  train  of  mechanism 
is  deviated  from  its  normal  position  by  the  force  transmitted.  This 
deviation  is  resisted  and  measured  by  weights  or  by  springs. 

If  three  gear-wheels  be  run  together,  there  is  an  effort  exerted  on  the 
axis  of  the  intermediate  one,  tending  to  move  it  out  of  position. 

When  power  is  transmitted  by  a  pulley,  the  arms  bend  more  or  less 
from  their  original  shape. 

One  part  of  a  belt  is  tightened,  and  another  part  relaxed,  by  the  trans- 
mission of  power  through  it. 

In  that  form  of  transmitting  dynamometer  devised   by  Wm.  Kent, 


334 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


M.  E.,  the  shaft  carrying  the  intermediate  gears  is  arranged  as  a  pendu- 
lum, and  in  its  normal  position  hangs  vertically.  The  force  transmitted 
through  the  box-mitre-gears  swings  this  pendulum  from  the  vertical.. 
This  swing  movement  causes  a  pencil  to  traverse  a  paper-drum  having  a 
motion  at  right  angles  with  the  pendulum  plane,  and  proportional  to  the 
speed  of  the  gear-wheels.  A  suitable  clock-work  marks  equal  intervals 
of  time  on  the  paper.     From  the  diagram  thus  produced,  the  intensity  of 


FIG.  1. 

the  fofce  and  the  distance  through  which  it  has'acted  may  be  read  and 
the  power  determined. 

The  "  Improved  Balance  Dynamometer"*  (Fig.  1)  also  uses  as  the  deviat- 
ing element  box-mitre-gears.  A  double-letter  "A"  frame  carries  across  its 
top  a  shaft  on  w^hich,  at  one  end,  is  a  large  spur-wheel,  at  the  other  tight 
and  loose  pulleys.     Across  the  centre-bars  of  the  frame  extend  the  two 

*  Made  by  Lawrence  Machine  Shop,  Lawrence,  Mass. 


DYNAMOMETERS. 


335 


gear-shafts,  one  of  which  has  a  spur-gear,  and  the  other  tight  and  loose 
pulleys  exactly  like  the  upper  shaft.  The  arm  carrying  the  intermediate 
mitre-gears  is  prolonged  into  a  scale-beam.  The  tendency  of  this  beam 
to  rotate,  when  transmitting  power,  is  overcome  by  weights  hung  to  it. 
A  small  gong  is  struck  at  the  end  of  each  hundred  revolutions  of  the 
shafts.  The  scale  weights  are  so  stamped  that  by  dividing  the  number 
on  them  by  the  number  of  seconds  to  each  hundred  revolutions  times  the 
equivalent  of  a  horse-power  in  foot-pounds  per  second,  the  horse-power 
transmitted  is  obtained  : 

Stamp. 
Seconds  to   100  rev.   x  550  =  ^•■^• 

Mechanism  for  giving  a  continuous  record  may  be  used,  if  desirable. 

Theapparatus  brought  out  by  Hamilton  Ruddick*  (Figs.  3  and  3)consists 
of  a  sleeve  secured  to  the  shafting  carrying  on  opposite  sides  radial  arms. 
Loose  upon  this  sleeve  is  a  pulley  having  a  pair  of  arms  similar  to  those  just 
mentioned.     Between  the  ends  of  these  arms  springs  are  placed,  which 


FIG.  2. 


FIG.  3. 


are  compressed  proportiontionallj*  to  the  force  transmitted  from  shaft 
to  pulley,  or  vice  versa.  A  pencil  arm,  pivoted  on  the  sleeve  and  con- 
nected with  [the  pulley  by  a  link,  moves,  with  the  compression  of  the 
springs,  across  the  face  of  a  flat  paper  disk  ;  and  by  its  distance  from  the 
zero  line  indicates  the  intensity  of  the  force  transmitted.  Motion  of  rota- 
tion is  given  to  the  disk  by  means  of  a  differential  gearing,  actuated  by 
a  ratchet  and  a  stud,  which,  projecting  through  the  rim  of  the  pulley, 
is  moved  once]  at  each  revolution  by  the  belt  pressure.  By  a  suitable 
adjustment  of  the  gears,  the  disk  may  be  made  to  revolve  in  any  desired 
period  of  time,  and?from  the  distance  through  which  the  disk  has  moved 
a  record  of  thejnumber  of  revolutions  is  had. 

Another  transmitting  dynamometer  f  designed  by  F.  Van  "Winkle  (Fig.  4), 
has  been  recently  put  upon  the  market.  A  strong  cast-iron  plate  is  strapped 
to  the  arms  of  the  transmitting   pulley,  the  pulley  being  loosened  upon 

*  Made  by  Transmitting  Dynamometer  Company,  47  Astor  House,  New  York. 
t  Made  by  Franklin  Van  Winkle,  M.  E.  22  Cortlandt  street,  N,  Y. 
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the  shaft.  A  second  plate  with  a  long  hub  is  placed  near  the  first,  cen- 
tred about  and  secured  to  the  shaft  by  set  screws.  A  pair  of  tension 
springs  transmit  the  motion  of  one  plate  to  the  other,  and  are  elongated 
in  proportion  to  the  load.  The  movement  of  the  plates  past  each  other 
becomes  the  measure  of  the  transmitted  foi'ce,  and  by  means  of  a  steel 
ribbon  and  suitable  pulleys  causes  the  hand  on  a  stationary  dial  plate 
hanging  from  the  long  hub  to  move.  The  machine  is  so  adjusted  that, 
the  diameter  of  the  pulley  and  the  number  of  revolutions  being  known, 
the  horse-power  is  read  off  at  once.  Continuous  record  attachments  are 
also  made  for  the  instrument. 

The  "  Emerson  power  scale"*  is  a  rotary  transmitting  dynamometer  (Fig. 
5)  by  which  the  load  is  weighed  with  weights  and  levers,  as  in  a  common 


FIG.  4. 
scale.  A  circular  frame,  or  "spider,"  with  along  hub,  is  secured  to 'the 
shaft  close  up  to  the  driving  pulley.  Arouud  this  spider  is  a  rim  free  to 
rotate,  and  from  which  studs  project  and  serve  to  connect  it  to  the;pulley. 
In  transmitting  power  from  the  shaft  to  the  (loosened)  pulley,  the  tend- 
ency of  the  rim  to  rotate  on  the  spider  is  resisted  by  a  system  of  levers 
which  communicate  with  a  pendulum  balance  weight. 

As  the  system  of  levers  receives  the  transmitted  force  at  a  known  dis- 
tance from  the  centre  of  rotation,  the  distance  traversed  per  revolution 
is  known.  A  speed-counter  shows  the  revolutions,  so  that  the  force  indi- 
cated by  the  pendulum  times  the  number  of  revolutions  per  minute 
times  the  constant,  divided  by  83,000,  is  the  horse-power. 
Reading  of  scale  X  rev.  per.  minute  X  constant 


33,000. 


=  the  H.P. 


*  Mkd6  by  Emerson  Power  Scale  Co.,  Lowell,  Mass. 
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In  reviewing  briefly  the  machines  described,  the  Kent  and  the  Lawrence 
dynamometers  form  a  class  by  themselves,  as  both  are  independent 
apparatus  requiring  setting  up  and  special  belting.  Each  machine  is  capa- 
ble of  being  adjusted  to  do  all  that  the  other  will  do. 

Of  the  three  rotary  dynamometers,  the  Ruddick  stands  somewhat 
alone,  from  the  facts  that  it  must  replace  the  usual  driving  pulley  and 
readings  can  be  taken  only  when  at  rest.  It  is,  however,  very  compact, 
and  furnishes  a  convenient  record  sheet  from  which  both  force  and 
■distance  can  easily  be  read. 

The  Van  Winkle  and  Emerson  machines  have  in  common  certain 


features  which  recommend  them  highly  for  some  classes  of  work.  Both 
are  so  made  (split)  that  they  can  be  put  on  a  shaft  alongside  the  regular 
pulley  without  disturbing  pulley  or  belt,  save  loosening  the  set  screws. 
The  dial  plates  hang  quietly  from  the  shaft,  and  the  power  may  be  read 
off  at  any  moment. 

In  all  of  the  dynamometers  which  we  have  just  noticed,  the  record  is 
made  in  a  direct  ratio  to  the  force  transmitted,  and  upon  a  scale  not 
readily  changed. 

By  the  kindness  of  a  friend,  I  am  able  to  present  to  you  to-night  the  details 
of  a  new  transmitting  dynamometer  which  have  not  before  been  brought 
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before  the  engineering  public.  The  apparatus  has  a  number  of  interest- 
ing features,  and  I  ask  your  attention  to  its  construction,  the  theory  on 
which  it  is  based,  and  to  its  performance  under  severest  tests. 


FIG.     6. 

This  new  dynamometer,  which  is  sold  under  the  name  of  Wales'  Porta- 
ble Dynamometer,*  makes  use  of  the  difference  in  tension  in  the  two  parts 
*  Made  by  Denton  &  Graydon  Manufacturing  Co.,  15  Liberty  street.  New  York. 
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of  a  belt  transmitting  power  (Fig.  6).  Two  rolling  pulleys  AA  swing  upon 
pivots  CC,  which  are  supported  in  castings  DD.  The  castings  slide  upon 
the  bar  E,  so  that  by  means  of  the  chain  F  and  the  winding  drum  G  the 
pulleys  AA  may  be  drawn  together,  causing  the  belt  to  contain  the  angles 
cp  and  /i.  These  angles,  being  made  equal  in,  adjusting  the  instruments, 
the  tension  of  the  belt  when  at  rest  is  the  same  on  either  side,  and  causes 
equal  pressures  on  each  of  the  rolling  pulleys,  tending  to  force  them 
apart,  but  being  prevented  from  doing  so  by  the  tie-rod  0. 

When  motion  occurs  in  the  direction  of  arrow  No.  1,  any  transmission 
of  power  from  the  lower  pulley  to  the  upper  one  causes  an  increase  in 
tension  along  the  "upper  side"  of  the  belt  aid  a  decrease  of  tension 
along  the  "lower  side."  The  difference  of  tension  thus  caused  between 
the  two  parts  of  the  belt  forces  the  rolling  pulleys  and  the  tie-rod  O  to 
swing  about  the  points  C  C  in  the  direction  of  arrow  No.  2.  The  latter 
action  causes  the  arm  H  to  move  out  of  parallelism  with  the  arm  7,  to 
which  is  fixed  the  bracket  iY.  This  movement  extends  the  spring  L 
until  its  resistance  counteracts  the  pressure  on  A  A,  due  to  difference  of 
belt  tension.  The  movement  of  the  arm  H  causes  the  pencil  X  to 
move  outward  upon  the  paper  drum  J.  The  latter  is  given  a  motion  of 
rotation  by  means  of  a  train  of  differential  gearing  M  driven  from  the 
arbor  of  one  rolling  pulley.  The  combined  motions  of  the  pencil  and  the 
paper  result  in  the  tracing  of  a  line,  the  height  of  which  represents  the 
force  transmitted  by  the  belt,  and  the  length  of  which  represents  the 
length  of  belt  passing  over  the  rolling  pulley  during  the  time  of  the 
experiment.  An  inch  of  height  of  this  pencil  line  will  represent  different 
amounts  of  belt  tension,  according  to  the  value  of  the  angles  (p  and  fJ, 
and  also  according  to  the  distance  from  C  of  the  spring  L,  the 
spring  being  arranged  to  slide  to  four  positions  along  the  arms  H  and 
I.  Consequently,  by  a  proper  selection  of  value  for  the  belt  angle  and 
for  the  position  of  the  spring,  the  pencil  can  be  made  to  move  through 
its  maximum  height  for  any  amount  of  power  measured.  The  following 
table  exhibits  the  range  of  the  instrument  for  various  values  of  belt 
angle  and  position  of  the  spring. 

The  table  gives  the  horse-power  represented  by  one  inch  height  (or 
rise)  of  pencil  line  per  thousand  feet  of  belt  travel  per  minute. 

The  figures  in  the  first  column  are  readings  of  an  angle-gauge  supplied 
with  the  instrument,  and  specially  adapted  to  the  measurement  of  the 
belt  angle.  The  gauge  is  shown  in  the  cut  at  a  d  c  applied  to  the 
belt. 

The  graduations  are  made  to  represent  the  ratio  of  the  tension  along  the 
belt,  to  the  component  of  this  tension  acting  along  the  line  joining  the 
centres  of  the  rolling  pulleys. 

Directions  for  using  are  engraved  upon  it. 

Measurement  of  belt  speed  is  had  in  two  ways  : 

1.  By  timing  the  revolutions  of  the  primary  gear-wheel.  The  primary 
wheel  of  the  train  giving  motion  to  the  paper  drum  is  graduated  to  serve  as 
a  speed  counter,  each  revolution  of  the  wheel  representing  one  hundred 
revolutions  of  the  rolling  pulley.  The  circumference  of  the  latter,  for 
single  belting,  is  exactly  two  feet.  Hence  each  revolution  of  the 
primary  gear-wheal  represents  two  hundred  feet  of  belt-travel. 
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Position 

OF  Spring. 

Reading  of 

Angle-Gauge. 

Mark  1.  H.-P. 

Mark  2.  H.-P. 

Mark  3.  H.-P. 

Mark  4.  H.-P. 

1. 

9.08 

401 

1.998 

0.936 

"2. 

4.54 

2.02 

0.896 

0.468 

2.5 

3.6.S 

1.61 

0.717 

0.374 

3. 

3.02 

1.34 

0.597 

0..312 

3.5 

2.59 

1.15 

0.512 

0.267 

4. 

2.27 

101 

0.448 

0.234 

4..> 

2!  02 

0.896 

0.398 

0.208 

5. 

181 

0.806 

0.358 

0.187 

5.5 

1.65 

0.7.33 

0.326 

0  170 

6. 

J.il 

0  672 

0.299 

0.156 

6  5 

1.40 

0.620 

0.275 

0.144 

7. 

1.30 

0.576 

0.2.56 

0  1.34 

7.5 

1.21 

0.537 

0  239 

0  125 

8. 

1.13 

0.504 

0.224 

0.117 

8.5 

1.07 

0  474 

0.211 

0.110 

9. 

1.008 

0.446 

0.199 

0.104 

9.5 

0.955 

0.425 

0.188 

0  100 

10. 

0.908 

0.404 

0.179 

0.094 

2.  By  measuring  the  length  of  the  diagram.  The  differential  gearing 
is  so  arranged  that  one  million  two  hundred  and  fifty  thousand  revolu- 
tions of  the  rolling  pulley  cause  one  turn  of  the  paper  drum.  The  latter 
is  twelve  and  one-half  inches  in  circumference  ;  consequently,  each  inch 
of  length  of  a  diagram  measured  parallel  to  the  base-line  represents 
twenty  thousand  feet  of  belt-travel. 

The  expiration  of  each  minute  is  recorded  on  the  diagram  by  a  tele- 
graph sounder  carrying  a  pencil  which  bears  on  the  paper,  and  which  is 
caused  to  make  a  stroke  once  a  minute  by  the  passage  through  a  mei- 
cury  cup  of  the  hand  of  a  minute  clock  placed  in  battery  curcuit  leading 
to  the  sounder. 

An  inspection  of  the  table  of  horse-power  shows  the  extraordinary 
range  of  the  instrument.  It  will  be  seen  that  the  scale  of  the  diagram 
may  be  varied  so  that  an  inch  of  pencil  motion  may  represent  ninety- 
four  one-thousandths  of  a  horse-power,  or  ten  times  this  amount  at 
one  thousand  feet  per  minute  belt  speed.  The  maximum  rise  of  the 
pencil  is  five  inches.  Hence,  at  the  same  belt  speed,  five  inches  of 
pencil  motion  could  be  produced  by  forty-seven  hundredths  of  a  horse- 
power with  a  belt  angle  of  about  one  hundred  and  twenty  degrees, 
and  the  spring  close  to  the  rolling  pulley  ;  or  five  inches  rise  could  con- 
trol forty-five  and  four-tenths  horse-power  with  a  flat  belt  angle,  and  the 
spring  at  its  farthest  position  on  the  arm  H. 

At  electric  light  belt-speed  of  four  thousand  fe:t  per  minute,  five 
inches  of  pencil  motion  would  control  thirty  horse-power  with  the  spring 
at  position  one  and  a  moderate  belt  angle  ;  while  with  the  spring  at  four 
about  half  a  horse-power  would  move  the  pencil  an  inch.  So  that  the  full 
power  of  a  thirty-light  dynamo  on  the  one  hand,  or  the  power  needed  to 
merely  overcome  the  friction  of  its  journals  on  the  other,  could  be 
recorded  on  a  sufficiently  magnified  scale  to  insure  accuracy. 

This  extraordinary  range  of  capacity  is  due  in  a  measure  to  the  influ-  , 
ence  of  the  belt  angles,  but  the  principal  cause  is  found  in  the  fact  that 
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the  movemeat  of  the  spring  aflfects  the  pencil  scale  as  the  square  of  the 
distance  of  the  spring  from  the  centre  of  the  rolling  pulleys.  This  will 
become  apparent  from  a  consideration  of  the  appended  statement  of  the 
theory  of  the  instrument. 
Let  T  =  tension  of  the  belt  when  at  rest. 
"J  T  =  increase  of  tension  on  '*  upper  side  "  =  the  decrease  on  the 
"lower  side;"  whence  the  resultant  pressures  upon  the  rolling  pulleys 
are : 

2{T-\-  J  T)cos.  —  for  "  upper  side"  acting  in  the  direction /  B  bisect- 
ing  0. 

2  (T —  J  T)  cos.  —  for  "lower  side,"  acting  in  the  direction  b  R,  bisect- 
ing /^. 

If  a  be  the  angle  between  the  tie-rod  (o)  and  the  bisecting  lines  /  B 
■and  b  R,  then  the  above  pressures  resolved  along  the  direction  of  the  tie- 
rod  are: 

J^2  (r+  J  r)co3.  ^Jcos.  a  for  "  upper  side  "  in  direction  o  B. 

I  2  (r  —  A  T)  cos.-^  Icos.  a  for  "  lower  side  "  in  direction  o  R. 

The  difference  between  these  two  pressures  is,  putting  9  =  fj,  4  zl  Tcos. 

S 

—  COS.  tr  acting  in  the  direction  of  arrow  No.  2,  and  it  is  this  amount  of 

force  which  causes  the  rolling  pulleys  and  the  tie-rod  to  swing  about 
(C  C)  and  extend  the  spring.  The  angle  gauge  is  made  and  graduated  so 
that  if  applied  with  the  arms  a  along  the  belt  and  with  the  graduated 
plate  so  held  that  its  straight  edge  is  parallel  to  the  tie-rod,  the  reading 

IS  equal  to  2  cos.  —  cos.  a. 

Let  this  be  represented  by  A.  Then  we  have  that  2  A  J  T  equals  the 
force  acting  in  the  direction  of  arrow  No.  2.  But,  2  .d  T  equals  the  differ- 
•ence  of  the  tensions  on  the  two  sides  of  the  belt;  hence  the  reading  of 
the  angle  gauge  is  the  ratio  of  the  difference  of  belt  tensions,  to  the  com- 
ponent of  this  difference  acting  along  the  line  joining  the  centres  of  the 
rolling  pulleys. 

We  have,  that  the  moment  of  2  A  J  T  about  c  must  equal  the  moment 
of  the  resistance  of  the  spring  about  c. 

To  obtain  the  latter,  let  — 

S  =  scale  of  the  spring,  or  load  in  pounds  required  to  extend  it  one 
inch. 

I  =  C  R=  C.  fi  B  =  lever  arm  of  the  force  2  A  A  T  about  c, 

X  =  C  N  =  lever  arm  of  the  spring  about  c. 

L  =  C  H  =  lever  arm  of  primary  point  H  of  the  pencil  motion. 

/3  =  ratio  of  movement  of  i?to  movement  of  pencil  point. 

Then  for  h  inches  rise  of  the  pencil  the  point  H  will  move  —  inches, 

P 

X     h 
and  hence  the  spring  will  extend  —   -  inches,  whence  the  resistance 

L      p 
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Scale  of  Inches. 

3  2 


1  inch  per  scale  =  4.65  H.P 
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34a 


Scale  of  Inches 
4  3 


n 


SI'S 


-1  e/> 


\    2 
1  inch  per  scale  =  3.56  H.P. 
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will  he  S  .  —  .  —    pounds,  and  the  moment  about  C  of  this  resistance 
L       fj 

will  he  X  (s  .  —-  .  --]  inch-pounds,    which    must  equal   the    moment   I 

(2  AJT)  inch-pounds.     Or  we  have:  X  (s  .  —  .1^-]    =  I  (2  A   J    T)  ; 

\        L     pj 

whence  the  difference  of  tension  represented  by  any  height  of  the  pencil, 

as  h,is2z]  Tt^  ^1A  pounds. 
A  I  L  p 

The  power  transmitted  will  be,  the  belt  travel  times  the  difference  of  ten- 
sion, or  if  jB  =  the  belt  travel  in  feet  per  minute,  then  the  power  in  foot- 

2JTB_     B.S.X^h      _ 


pounds  =  2  J  T  B.      The  horse-power  = 


33,000         Al  Lp.  33,000 


7?     9^     J^^ 
per  one  inch  rise  of  pencil,  the  horse-power  =  — -'      '    -— -,  or  a  constant 

Al  1^  00,000 

times  — _-f^.   And  it  is  the  value  of  this  constant  which  is  given  in  the 
A 

table,  B  being  expressed  in  thousands  of  feet.     It  is  evident  that  the 

scale  of  the  diagram  varies  as  the  square  of  the  distance  of  the  spring 

from  C  and  this  fact  is  the  principal  cause  of  the  great  range  of  the 

instrument,  which  is  such  as  to  render  the  power  transmitted  per  unit  of 

weight  of  apparatus  greater  than  any  form  of  dynamometer  yet  devised. 

TEST   OF   ACCURACY  OF  WALES'   DYNAMOMETER. 

The  following  rigorous  test  of  the  instrument  was  made  in  the  Depart- 
ment of  Experimental  Mechanics,  Stevens  Institute  of  Technology, 
Hoboken,  N.  J.: 

The  dynamometer  was  arranged  upon  a  vertical  belt,  driving  a  large 
dynamo  on  the  floor  above.  The  dynamo  was  supported  by  an  iron  Li- 
shaped  cradle,  hung  upon  knife-edges.  Steel  plates  on  wooden  frames 
carried  the  latter.  The  axis  of  the  dynamo-shaft  and  the  bearings  of  the 
knife-edges  we  adjusted  so  as  to  be  precisely  in  the  same  horizontal  line. 
Thus  the  cradle  and  the  contents  were  entirely  free  to  oscillate  about  the 
axial  line,  and  being  delicately  counterpoised,  the  centre  of  gravity  of  the 
entire  mass  was  brought  nearly  into  this  axial  line.  Under  these  con- 
ditions a  very  slight  force  applied  to  the  dynamo  on  a  line  not  passing 
through  the  axis,  as  at  the  circumference  of  the  driving  pulley,  would 
cause  a  sensible  vibration  of  the  scale  beam  attached  to  the  cradle,  so 
that  by  applying  weights  to  this  beam  the  force  exerted  by  the  belt  could 
be  accurately  weighed.  The  driving  force  being  thus  determined,  the 
horse-power  expended  at  the  dynamo  became  known  by  observing  the 
rotative  speed  of  the  spindle.  This  was  measured  by  a  speed-counter 
attached  to  the  spindle,  and  so  manipulated  that  the  revolutions  wer© 
determined  within  one-third  of  one  per  cent. 

This  method  of  weighing  the  power  of  a  dynamo,  which  has  been 
brought  into  prominence  by  Prof.  Brackett,  of  Princeton  College,  is 
evidently  as  nearly  perfect  as  practice  can  realize,  for  with  properly 
designed  knife-edges  and  careful  balancing,  the  arrangement  possesses 
all  the  accurate  qualities  of  the  steelyard,  and  must  be  regarded  as  the 
v^ery  basis  of  power  measurement. 


RAILROAD  BUILDING  IN  MEXICO.  345 

In  the  case  of  the  apparatus  at  the  Stevens  Institute,  a  dynamo  weighing. 
3.000  lbs.  was  so  balanced  that  a  weight  of  3  oz.  (.1875  lb.)  at  ten  inches 
from  the  spindle  would  cause  the  beam  to  vibrate  through  one  inch  at  the 
index.  When  it  is  added  that  the  absorbent  of  the  power  was  a  dynamo- 
running  through  a  rheostat  adjustable  in  its  resistance  to  the  one  hun- 
dredth of  a  horse-power,  and  as  steady  as  possible,  it  becomes  apparent 
that  the  test  conditions  are  as  crucial  as  a  dynamometer  can  be  placed, 
under. 

Three  tests  were  made,  two  with  a  200  incandescent  light  dynamo,  and 
one  with  a  24  arc-light  machine. 

In  the  tirst  case,  the  current  from  the  dynamo  was  varied  miscellane- 
ously, by  the  fluctuation  of  resistance  due  to  the  switching  in  and  out  of 
lamps,  etc. 

In  the  second  case,  frequent  and  considerable  alterations  of  current 
were  made  by  the  rheostat  in  order  to  show  the  degree  of  promptness 
with  which  the  autographic  instrument  would  respond  to  sudden  changes, 
of  power. 

Diagrams  1  and  2  show  the  resulting  autographic  records  in  the 
tirst  case,  and  diagram  No.  3  the  records  of  the  second  case.  The  full, 
lines  of  these  diagrams  are  fac-similes  of  the  actual  pencil  trace  ;  the 
vibration  of  the  pencil,  usually  so  inseparable  from  the  automatic  regis- 
tration of  power,  having  been  overcome  by  using  a  flexible  brass  wire  T 
for  a  tracer.  The  point  of  the  wire  pressed  upon  chemical  paper  with 
sufficient  friction  to  cause  the  vibrations  to  expend  themselves  in  the 
flexure  of  the  wire  without  displacing  the  point,  while  permanent  move- 
ments of  the  wire  were  immediately  responded  to  by  a  movement  of  the 
tracing  point. 

In  the  diagrams  the  crosses  and  broken  lines  are  plotted  observations 
from  the  Brackett  dynamometer. 
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By  Laurence  Bradford,  Member  of  the  Boston  Society  of  Civil  Engineers. 
[Read  June  17,  1885  ] 


In  treating  this  subject,  I  shall  consider  only  peculiarities  either  of 
construction  or  locality,  not  found  to  my  knowledge  within  the  United 
States,  and  especially  with  reference  to  the  Mexican  Central  Railroad, 
known  outside  the  State  as  the  Boston  road  ;  and  it  may  be  said  the  only 
one  of  many  like  enterprises  in  Mexico  that  fulfilled  its  obligations 
continuously  and  throughout.  It  mattered  not  whether  their  stock  stood 
high  or  low,  they  never  slackened  their  exertions  until  the  City  of  Mexico 
was  connected  with  our  border  line. 

I  will  first  speak  of  the  face  of  the  country  over  which  the  road  passes, 
something  entirely  different  from  that  of  the  Eastern  States  here,  or  any 
part  of  the  West  known  to  me.  I  may  appear  a  little  trite  in  some  of  the 
statements  I  make  in  this  connection,  but  this  perhaps  would  be  thought 
more  excusable  than  that  I  should  make  my  meaning  obscure. 

It  is  well  known  that  the  greater  part  of  Mexico  is  table-land,  but  this 
must  not  be  taken  to   mean  that   the  surface  of  the  country  is  level,  or 
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comparatively  so  even,  unless  we  regard  it  in  one  particular  way — as  a 
whole.  If  we  regard  it  in  this  way,  it  will  be  found  that  the  ground 
does  not  gradually  slope  for  long  distances,  but  is  constantly  up  and 
down,  with  the  average,  perhaps,  nearly  level.  Ranges  of  mountains  on 
either  side  can  always  be  seen  from  any  part  of  the  plateau  ; 
besides,  ranges  of  smaller  heights  are  constantly  met  with,  which 
■could  hardly  be  called  mountains.  To  the  tourist  or  observer  it 
would  not  be  known  that  the  ground  did  not  rise  or  fall  greatly 
in  long  distances,  excepting  as  he  noticed  that  there  were 
no  large  rivers.  One  could  hardly  do  as  Humboldt  said,  ride  in  a  buggy 
from  Mexico  City  to  the  northern  border  line,  across  the  country,  disre- 
garding the  roads,  though  the  figure  of  speech  well  illustrates  the  open- 
ness of  a  country  where  fences  do  not  exist  and  where  the  streams  are 
fordable.  These  ranges  of  hills  and  mountains  that  cut  across  the  pla- 
teau make  it.  perhaps,  as  expensive  a  locality  to  build  roads  in  as  our  own 
country.  They  do  not  there  follow  up  the  streams  to  obtain  easy  grades 
and  light  cuttings,  or  seek  where  the  rivers  liead  for  passes  across  the 
water-sheds,  but  the  surface  of  a  plateau  so  much  broken  necessitates 
choppy  grades  and  sharp  curvature.  The  country  is  open  and  nearly 
devoid  of  timber,  which  lessens  the  expense  of  construction  in  one  way, 
as  clearing  is  avoided,  but  this  is  more  than  made  up  by  the  extra  cost  of 
railroad  ties  and  fuel. 

The  material  excavated  is  mostly  tepetate,  a  volcanic  substance  lying 
beneath  the  soil,  and  varying  in  hardness  from  something  like  soft  rock 
to  clay.  Rock  is  quite  plentiful,  though  there  was  but  little  on  the  sec- 
tion where  I  worked.  The  streams  are  devoid  of  water  in  the  dry  sea- 
son, even  the  largest  of  them  ;  but  in  the  rainy  season,  during  the  con- 
tinuance of  a  storm,  they  become  torrents.  The  rainy  season  lasts  from 
about  May  to  November,  and  though  the  rain-fall  is  light,  about  26 
inches,  water  does  not  lie  far  below  the  surface.  All  about  Leon  shal- 
low wells  supjjly  the  irrigation  for  vegetables  ;  and  in  the  beds  of  streams 
w^ater  is  found  a  foot  or  so  below  the  surface. 

I  will  now  go  into  the  details  of  construction .  From  what  I  have  said 
about  the  surface  of  the  country,  it  follows  that  in  crossing  the  ridges 
there  must  belong  thorough-cuts.  The  tepetate,  when  first  worked 
down,  will  stand  perpendicular  for  quite  a  length  of  time ;  so  the 
custom  was  to  carry  down  only  the  width  of  road-bed,  and  afterward 
take  down  the  slopes.  It  was  quite  a  mooted  question  of  just  how 
much  slope  it  was  best  to  allow  this  material.  When  dry,  it  would 
stand  perpendicular  probably  forever.  When  wet,  it  assumed  more 
the  consistency  of  clay,  becoming  smooth  and  slippery.  There  was 
very  little  haul  in  the  construction  of  the  road.  It  was  mostly  waste 
and  borrow,  the  reason  for  this  being  that  the  material  was  carried  on 
to  the  embankments  and  out  of  the  cuts  almost  entirely  by  hand,  and 
land  being  in  many  places  worthless,  it  did  not  pay  to  carry  any  longer 
distance  than  necessary.  The  men  carried  the  material  in  bags  and 
baskets,  and,  of  course,  would  not  carry  a  large  quantity  at  once  ;  but  it 
was  surprising  how  from  day  to  day  an  embankment  would  seem  to  grow 
from  these  continual  but  small  accretions.  A  few  carts  were  brought 
into  service  to  fill  up  the  embankments,  taking  from  the  cuts  the  por- 
tions that  formed  the  slopes. 
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The  streams  have  often  scarcely  a  beginning  or  an  end;  heading  in  the 
ridges  or  mountains,  they  pour  quickly  down  into  the  plains,  and  are  lost 
in  the  dry  soil  of  the  plateau;  tapering  at  both  ends  in  shape  like  an  earth, 
worm.  One  finds  here  frequently  the  bed  of  a  stream  higher  than  the 
adjacent  banks,  to  use  an  Irish  bull.  One  man  said  he  always  supposed 
that  streams  were  only  to  be  found  in  the  lowest  parts  of  the  valley, 
but  since  coming  to  Mexico,  he  comprehended  how  ignorant  he  had  been, 
and  that  it  was  just  as  natural  to  find  them  flowing  on  the  tops  of  the 
hills.  This  circumstance  is  easily  explained:  the  Mexican  planters  have 
to  seek  the  water-ways  for  irrigation,  and  their  wheat  fields  are 
near  the  margin  of  streams  that  the  water  may  be  pumped  over 
them,  or  a  dam  placed  so  the  water  may  naturally  flood  them  ;  con- 
sequently, the  banks  have  been  from  time  to  time  raised  to  keep  back 
more  water,  and  the  beds  of  the  streams  have  gradually  increased  in 
elevation  from  the  sediment  brought  down.  This  instance,  which  I  have 
drawn   out  on  profile,  bv  nn  means  an  isolated  one,  is  on  a  part   of  the 
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road  I  located  between  the  cities  of  Leon  and  Lagos.  The  large  Sauceda 
is  on  a  small  summit,  and  the  highest  elevation  for  a  number  of  kilo- 
metres on  either  side.  The  stream  is  crossed  by  an  iron  bridge  of  three 
spans,  9  metres  each.  It  occurred  to  me  that  this  stream  must  have  had 
an  artificial  origin.  If  so,  however,  it  must  have  been  centuries  back,  for 
on  its  banks  are  large  trees  of  slow-growing  species,  many  of  which  long 
since  passed  beyond  their  prime  and  are  now  decaying.  Further  on  the 
section  of  another  stream  is  shown,  called  the  small  Sauceda,  which  ap- 
pears in  the  more  natural  way.     This  was  bridged  by  a  single  span  of  10 
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that  the  grade  lines  also 
7nake  a  summit  at  the  large 
Sauceda.  Had  there  been 
no  stream  here,  and  the 
summit  as  shown  on  profile, 
it  is  readily  seen  how  the 
expensive  embankment  dis- 


Small   Sauceda,  1   Span  10  Metres, 
grade  could  have  been  lowered  and 
pensed  with. 

The  masonry  of  the  road  is  excellent,  both  in  workmanship  and  style. 
Stone- work  construction  is  one  of  the  strong  points  of  the  Mexican  me- 
chanic, and  brings  out  in  strong  relief  a  phase  of  character  in  which  he 
greatly  excels — an  accurate  eye,  with  good  taste  to  guide  it.  They  have 
in  Mexico  none  of  the  detrimental  effects  of  frost  to  contend  against. 
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and  lime  stucco  ornamentation  will  wear  for  years.  Sometimes  they 
coTer  the  face  and  arch  of  the  culvert  with  stucco,  as  well  as  the  parapet 
and  wing  walls,  and  often  only  the  cornices  of  the  parapet  and  wing 
walls,  which  makes  a  neat  appearance.  The  lime  of  Mexico  is  of  superior 
quality,  and  has  some  hydraulic  properties.  The  illustration  shows  a  sim- 
ple but  large-sized  culvert  :  another  one  of  similar  construction  is  shown 
in  the  illustration  of  the  deep  fill.  The  culverts  throughout  the  road  are 
usually  built  like  these.  They  are  rather  larger  than  the  uninitiated 
would  consider  necessary,  for  the  reasons  I  have  named.  I  saw  no  bridges 
of  stone  on  the  line  of  the  railroad,  but  very  handsome  ones  are  to  be 
met  with  on  the  highways.  The  superstructure  of  the  bridges  was  con- 
tracted for  and  built  either  in  the  United  States  or  in  England.  The  rails 
were  contracted  for  in  England  or  on  the  European  Continent. 

The  metric  system  was  here  used  on  the  railroads — a  fact  that  has  fur- 
nished subject-matter  for  much  writing  and  discussion,  if  not  food  for 
much  thought.  Its  practical  use  upon  these  roads  has  caused  some 
interest  among  Americans,  because  it  is  the  only  instance  of  its  use  by  us 
in  engineering  practice.  My  views  may  not  agree  with  many  others;  I 
know  they  will  not  with  those  of  my  co-laborer,  Mr.  Fred  Brooks,  who 
has  labored  so  long  and  ably  for  the  universal  acceptance  of  the  metric 
system.  However,  I  give  my  opinions,  the  result  of  my  experience,  and 
they  can  be  taken  for  what  they  may  be  considered  to  be  worth. 
As  to  the  introduction  of  the  metric  system  as  a  whole,  I  have 
nothing  to  say.  Taken  altogether,  its  advantages  may  counterbalance 
its  defects  in  any  particular  direction,  for  aught  I  know.  After 
being  in  Mexico  a  few  months,  I  wrote  for  the  Engineering  Xeics  a 
short  account  of  the  practice  of  the  metric  measure  there  ;  fui'ther  ex- 
perience made  stronger  the  adverse  impression  then  made.  The  wTiter 
of  a  series  of  articles  in  the  same  paper  said  in  effect  this  :  that  he  pre- 
sumed that  the  difficulties  that  the  engineers  in  Mexico  found  in  the 
metric  unit  of  measurement  would  be  found  to  disappear  on  further 
use.  I  think  [  can  speak  for  the  most  of  the  engineers  there  in  saying 
that  they  found  no  difficulty  in  its  use.  It  certainly  makes  no  difference 
to  me  what  the  unit  of  measure  is,  so  long  as  it  can  be  defined;  that  is, 
a  stick  cut  to  its  length.  But  it  is  to  be  hoped  that  any  of  us 
could  be  credited  with  sense  enough  to  perceive  the  superiority 
of  one  unit  over  another  after  practicing  with  boih.  The  trouble 
in  Mexico  was,  not  that  the  metre  did  not  represent  a  foot, 
or  multiple  of  it  ;  but  because  of  faults  inherent  in  itself.  There 
were  inconveniences  in  regard  to  units  of  measure  for  which  the  metre 
could  not  be  held  to  account.  The  Mexican  national  units  and  those 
prescribed  for  the  railroads  were  differeat  at  that  time.  So  in  dealings 
with  the  Mexicans,  we  had  to  use  ordinarily  the  vara,  equal  to  about  33 
inches,  and  for  long  distances  the  league,  equal  to  about  2.65  miles  ;  but 
the  engineers  on  the  road  usually  used  the  metre  and  its  multiples  for 
everything.  We  guessed,  paced,  and  thought  in  metres.  A  few,  it  is 
true,  could  not  get  over  the  use  of  the  foot,  and  had  to  laboriouslj-  trans- 
late the  metric  dimensions  to  the  old  measure  ;  but  they  were  rare.  Cer- 
tain practices  were  followed  on  the  road,  it  must  be  acknowledged, 
which,  if  done  away  with,  would  have  made  the  use  of  the  metre  much 
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easier  :  but  to  do  away  with  its  chief  objection,  I  do  not  believe  possible. 
I  will  describe  the  Mexican  practice  in  detail.  The  chain — which  repre- 
sents a  station  on  railroad  work,  the  main  large  unit  for  survey  and 
construction,  and  to  be  preserved  after  the  road  is  completed,  that  the 
original  location  may  be  reproduced  and  old  laud  lines  and  boundaries 
retraced  if  required — was  25  metres  long.  A  more  awkward  division 
could  not  well  have  been  chosen,  though  its  total  length  made  a  convenient 
distance  between  stations.  But  it  can  readily  be  seen  that  95  distinct 
units,  and  these  units  each  divided  in  some  chains  into  four  parts  and 
others  five,  made  as  inconvenient  a  measure  as  could  well  be  devised 
for  the  purpose  where  a  purely  decimal  division  was  so  much  to  be  desired. 
The  chain  should  have  a  length,  abstractly  considered,  that  will  best  ful- 
fiJlche  conditions  of  a  large  unit  for  t'le  road,  on  tangents,  curves,  and  in 
construction  ;  that  which  is  best  for  open  country  and  timber,  and  in 
all  other  ways,  considering  everything.  Upon  the  proper  choice  of  this 
distance  much  of  tbe  expense  and  efficiency  of  superintendence  depends, 
not  to  mention  convenience.  This  chain  should  be  divided  up  into  one 
hundred  small  units.  That  a  hundred  feet  exactly  fulfills  tliese  condi- 
tions, I  do  not  pretend  to  maintain,  but  I  do  say  that  its  length  comes  some- 
where near  to  doing  it.  All  would  probably  agree  that  one  hundred  and 
thirty  feet,  abstractly  considered,  would  be  too  long,  and  sixty 
feet,  considered  in  the  same  way,  too  short.  The  small  unit 
should  be  of  such  length  that  it  will  make  an  easy  fold  for  the 
chain,  and  a  division  that  will  sufficiently  sub-divide  the  curvature 
on  sharp  curves.  Could  a  chain  be  formed  of  100  metres,  the 
conditions  would  be  mostly  fulfillf  d.  or  of  10  metres  ;  but  one  would 
undoubtedly  be  considered  too  long  and  the  other  too  short.  It  has  been 
proposed  by  some  one  advocating  the  metric  system  for  railroad  work, 
to  get  over  this  blemish  in  a  way  that  brings  to  mind  the  old  adage,  that 
a  person  can  most  quickly  show  his  crude  ideas  on  a  subject  by  the  kind 
of  questions  that  he  asks.  I  would  add,  and  by  the  suggestions  that  he 
makes.  The  way  is  this  :  The  chain  being  20  metres  in  length,  that  only 
every  other  one  should  be  numbered  ;  that  is,  instead  of  having  the 
chains  count  stations  one,  two,  three,  etc.,  two  chains  should  count 
station  one ;  four  chains,  station  two,  etc.  In  leveling  operations,  an 
advantage  which  the  metre  appears  to  have  over  the  foot,  is  that  the  rod 
is  only  divided  in  four  main  units — a  division  that  seems  to  lessen 
the  liability  to  error  over  having  twelve  main  units.  It  is  also 
an  undoubted  advantage  in  the  calculation  of  earth-work  to 
have  the  unit  represent  a  side  of  the  cubic  measure  used  ;  but  these 
benefits  I  think  are  overbalanced  by  an  increase  of  work  in  ordinary 
leveling.  I  have  taken  for  an  example  a  gradual  slope  of  ground  from 
the  backsight  to  the  foresight,  an  operation  witli  some  variations  that 
would  be  repeated  an  almost  countless  number  of  times.  These  fore- 
sights have  been  worked  up  into  elevations  for  both  feet  and  metres, 
from  which  I  calculate  that  about  19  per  cent,  is  saved  in  figuring  when 
using  the  feet  iLcasures  ;  and  it  comes  about  by  considering  the  tenth  of 
a  foot  as  sufficiently  exact  for  ground  heights,  while  the  decimetre  would 
hardly  be  sufficiently  close  if  assumed  in  the  same  way.  For  other  pur- 
poses, where  it  is  considered  convenient  or  necessary,  we  have  as  good 
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a  measure  in  the  yard  as  the  metre — an  easy  multiple  of  the  foot :  and 
the  fact  that  engineers  who  are  also  architects  readily  adopt  the  decimal 
measure  in  the  foot  and  tenth  for  their  engineering,  and  the  duodecimal 
in  feet  and  inches  for  their  architectural  work,  with  the  yard  as  com- 
mon to  either,  proves  their  willingness  to  avail  themselves  of  what  is 
desirable  in  both. 

[Mr.  Bradford  had  with  this  paper  three  photographs  ;  one  of  an  ex- 
cavation 18  metres  deep,  one  of  an  embankment  20  metres  high,  and  one 
of  some  culvert  masonry  ;  all  illustrating  work  on  the  Mexican  Central 
Railroad.  These  photographs,  while  of  much  interest  in  showing  the 
railroad  work  in  Mexico,  could  not  well  be  reproduced,  and  not  in  any 
manner  without  considerable  expense. — Secretary.] 


LONG  AND  SHORT-STROKE  ENGINES. 


By  Wm.  H.  Bryan,  Member  op  the  Engineers'  Club  of  St.  Lodis. 
[Read  May  27, 1885.] 


An  article  entitled  "The  Real  Difference  Between  Long  and  Short- 
Stroke  Engines,"  from  the  pen  of  Mr.  Chas.  A.  Hague,  which  appeared 
in  the  March  number  of  the  Millwright  and  Engineer,  discusses  the 
merits  of  the  two  styles  of  engine  at  considerable  length,  the  writer 
arguing  in  favor  of  the  long-stroke  engine.  Certain  statements  there 
made  seem  open  t6  criticism,  and  to  reply  to  them,  as  well  as  to  present 
the  short-stroke  side  of  the  question,  is  the  object  of  this  contribution. 

The  question  is  not  a  new  one.  From  the  time  when  the  first  steam 
engine  began  its  revolutions,  there  has  been  no  end  of  discussion.  On 
the  Western  rivers  this  subject  is  now  one  of  great  interest,  as  nmch  so 
as  any  other  question  of  machinery,  and  it  is  probable  a  series  of  com- 
petitive tests  may  soon  be  arranged.  Many  hold  that  we  are  as  far  as 
ever  fi-om  a  solution,  but  I  am  convinced  that  important  steps  have  been 
taken  in  the  proper  direction.  There  are  of  course,  isolated  cases,  where 
special  and  unalterable  conditions  determine  the  character  of  the  engine, 
and  where  these  conditions  must  be  maintained,  even  at  a  sacrifice  of 
efficiency  in  other  respects.  In  the  great  majority  of  cases,  however,  it 
is  possible,  by  means   of  properly   devised   transmitting  mechanism,  to 
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adapt  either  a  long  or  a  short-stroke  engine  to  the  work.  The  question 
then  to  be  decided  is,  which  of  the  two  types  is  the  better  or  more  eco- 
nomical engine  to  purchase  y  To  properly  consider  this  question  in  all  its 
bearings,  it  is  necessary  to  rightly  understand  what  constitutes  engine- 
value.  A  good  definition  is  the  following  :  That  engine  is  the  best  which 
maintains  a  horse-power  for  the  least  current  expense  per  hour.  This 
question  of  current  expense  involves  a  consideration,  not  only  of  the 
first  cost  of  the  engine  and  attachments,  but  also  the  interest  on  first 
cost,  depreciation,  value  of  space  occupied,  repairs,  and  the  operating 
expenses  of  fuel,  oil,  etc.,  and  engineer's  and  firenaen's  wages.  Another 
item,  too,  should  be  considered :  the  loss  due  to  varying  speed  under 
changes  of  load  or  steam  pressure,  due  to  a  want  of  sensitiveness  in  the 
automatic  governing  devices.  This  affects  both  the  quantity  and  the 
quaUty  of  the  work,  and  instances  may  be  cited  where  it  has  been  a 
serious  matter. 

Having  thus  defined  the  question  at  issue,  let  us  notice  the  characteris- 
tic peculiarities  of  typical  long  and  short-stroke  engines.  For  purposes  of 
comparison,  I  have  selected  as  types  two  of  the  most  prominent  engines 
now  on  the  market.  The  long-stroke  engines  are  those  in  which  the 
ratio  of  the  length  of  stroke  to  the  diameter  of  cylinder  is  from  Sj,  and 
3  to  1;  the  short-stroke  engines  are  those  in  which  that  ratio  is  from  1 — 
or  even  less — and  I32  to  1.  We  notice  that  the  piston  speed  is  practically 
the  same,  being  from  500  to  600  feet  per  minute  in  each  case.  From  the 
fact  that  the  long  stroke  makes  fewer  revolutions  per  minute,  it  has 
come  to  be  known  also  as  "  slow  speed;"  and  the  short  stroke,  on  account 
of  greater  number  of  revolutions,  as  "highspeed."  But  as  the  piston 
speed,  which  more  nearly  represents  the  wear  of  the  principal  parts,  is 
the  same,  these  terms  are  misnomers,  or  at  best  have  but  a  relative 
meaning.  The  former  is  not  slow,  compared,  for  instance,  with  western 
river  engines,  running  10  to  20  turns  per  minute.  Nor  is  the  latter  fast, 
compared  with  locomotive  practice.  As  an  example  of  regular  Western 
service,  Missouri  Pacific  engine  No.  304,  cylinders  19x22,  drivers  62  inches 
diameter,  when  running  forty  miles  per  hour,  makes  217  revolutions  per 
minute,  or  nearly  800  feet  piston  speed.  In  fact,  1,000  feet  piston  speed 
is  frequently  reached,  and  we  have  long  since  ceased  to  regard  this  duty 
as  in  any  way  hazardous.  And  this  is  done  under  conditions  far  more 
exacting  than  are  ever  required  of  a  stationary  engine. 

In  the  long-stroke  engine,  four  valves  are  required  ;  in  the  short 
stroke,  one.  These  valves  perform  the  four  functions  of  admission,  cut 
off,  release,  and  compression.  In  the  long-stroke  engine,  these  four 
valves  can — at  the  shop  or  by  the  engineer — be  adjusted  independently, 
as  desired.  This  is  an  excellent  feature  if  a  good  man  is  in  charge,  but  a 
bad  one  in  the  hands  of  an  incompetent  person  who  attempts  "  improve- 
ments," as  many  a  proprietor  knows  to  his  cost.  Experience  has 
shown  that  this  claimed  facility  of  adjustment,  secured  as  it  is,  by  ad- 
ditional wearing  parts,  brings  with  it  an  increased  wear  and  tear,  and  a 
constant  tendency  to  lost  motion  in  itself,  which  necessitates  frequent 
attention  to  these  adjustments.  That  is  to  say,  these  adjustments  are 
made  necessary  by  peculiarities  of  construction  of  the  device  itself, 
which  is  making  a  virtae  of  necessity,   indeed.      In  the  long-stroke 
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engine  but  one  feature — the  point  of  cut  off — is  altered  with  varyinaj 
load  or  steam  pressure,  the  admission,  release  and  compression 
remaining  unchanged.  In  the  short-stroke  engine  one  valve  varies  not 
o  dy  the  point  of  cut-off,  but  also  the  points  of  release  and  compression, 
which  add  largely  to  the  smoothness  and  efficiency  of  operation.  The 
amount  of  lead  is  the  only  constant  feature,  and  even  that  may  be  made 
to  vary  with  the  rest,  if  desired.  The  valve  is  carefully  and  accurately 
set  once  for  all  by  the  builders,  and  the  regulator  takes  care  of  the  ad- 
justments. To  those  familiar  with  this  style  of  valve,  the  remark  of  Mr. 
Hai^ue — that  attempting  to  do  so  much  with  one  valve  results  in  spoiling 
three  good  things — can  onlv  be  taken  in  a  humorous  sense.  Each  of  the 
four  valves  of  the  long-stroke  engine  has  its  full  quota  of  connecting 
mechanism,  largely  mcreasing  the  number  of  wearing  parts  and  the  lia- 
bility to  breakage  and  derangement. 

The  belt  which  usually  drives  the  governor  on  long-stroke  engines  is 
also  an  acknowledged  but  unavoidable  evil.  Most  builders  provide  a 
stop  motion,  to  prevent  the  engines  running  away  in  case  this  belt 
should  break.  The  governor  is  also  a  distinctive  feature.  On  the  typi- 
cal long-stroke  engine  it  stands  midway  between  shaft  and  cylinder,  and 
is  driven  by  a  belt  from  the  main  shaft.  The  spee  1  is  governed  by  alter- 
ing points  at  which  the  drop  cut-off  is  liberated.  This  falling  and  replac- 
ing of  the  drop-off  mechanism  is  carried  on  by  the  expenditure  of  some 
work,  which,  in  many  cases,  affects  the  accuracy  of  the  movement  in 
question.  The  drop  cut-off  being  detached  from  the  opening  mechanism, 
and  part  of  its  action  being  entirely  independent  of  it,  has  not  that  rigid- 
ity of  connection  ani  certainty  of  action  under  working  conditions 
which  is  desirable,  and  which  a  direct  connection  provides.  It  has  been 
called  the  "  perhaps"' cut-off.  To  do  away  with  this  element  of  uncer- 
tainty, the  builders  of  the  long-stroke  engine  in  question — which  Mr. 
Hague  champions — have  themselves  brought  out  an  engine  similar  to 
their  standard  one  in  every  respect,  except  the  cut-off,  which  is  made 
direct  and  positive.  This  engine  was  on  exhibition  at  the  St.  Louis 
Exposition  last  fall. 

In  the  standard  long-stroke  engine  the  cut-off  is  caused  by  releasing 
gear,  whose  motion  is  due  to  an  accelerating  force,  and  which,  as  it 
occupies  an  appreciable  interval  of  time,  limits  the  speed  of  the 
engine.  This  style  of  cut-off  is  acknowledged  to  be  impossible 
above  certain  speeds,  85  to  100  revolutions  per  minute.  In  order, 
therefore,  to  secure  the  piston  speeds  which  experience  has  shown  to  be 
best,  long  stroke  becomes  not  a  matter  of  choice,  but  of  absolute  neces- 
sity. 

No  better  evidence  of  this  is  necessary  than  the  practice  of  the  builders 
of  the  long-stroke  engine  in  question  themselves.  On  their  list  of 
standard  sizes  are  two,  32  X  48  and  40  X  60,  which  come  under  the  short 
stroke  definition,  and  yet  admit  of  proper  piston  speed  wliile  using  the 
liberating  style  of  valve  gear.  And  if  further  proof  of  the  ad  vantages 
of  short-stroke  and  high  speed  were  needed  from  the  same  source,  it  might 
be  mentioned  that  they  are  now  erecting  a  40  X  60  engine  which  is  to  run 
110  revolutions  per  minute,  or  at  a  piston  speed  of  1,100  feet,  an  under- 
taking which  far  distances  the  practice  of   the  most  ardent  advocate  of 
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short  stroke.      The  performance  of  this  engiae   will  be   watched   with 
interest. 

The  governor  of  the  short-stroke  engine  is  essentially  different.  It  is 
of  the  class  by  which  the  valve  operating  eccentric  is  moved  relatively  to 
the  shaft  by  centrifugiHy  acting  weights,  which  vary  the  length  of  valve 
travel.  The  whole  affair  is  attached  to  the  main  shaft,  where  variations 
of  speed  are  first  felr,  and  consequently  is  ready  to  act  immediately 
without  the  intervention  of  belts  or  other  transmitting  devices.  It  acts 
directly  on  the  eccentric  whence  a  single  rod  with  sUding  support  con- 
nects it  with  the  valve.  The  valve  being  balanced,  no  work  is  done  in 
moving  it,  whether  at  earlj  or  late  cut  off.  Being  direct  connected.it 
cannot  fail  to  act.  There  is  nothing  in  its  construction  to  limit  its  speed, 
which  leaves  the  builders  free  to  choose  such  rotative  speeds  as  give  the 
best  efficiency. 

The  reduced  number  of  parts  in  the  valve  gear  and  govei'nor  of  the 
short-stroke  engine  results  in  great  simplicity  .and  compactness.  The 
immediate  benefits  of  this  are  reduced  friction,  wear  and  tear  and  likeli- 
hood of  breakage  or  derangement,  as  wd\l  as  less  attention  and  watchful- 
ness required  on  the  part  of  the  engineer.  On  account  of  short  stroke 
and  high  rotative  siseeds,  the  short-stroke  engine  requires  less  floor  space. 
In  crowded  cities  or  on  board  stt-amers,  where  every  square  foot  has  its 
money  value,  this  is  a  consideration  of  no  small  importance.  In  no  case 
is  it  wise  to  occupy  space  unnecessarily .  Short  stroke  also  admits  of  a 
rigidity  of  frame  impossible  in  a  long-stroke  engine.  Experience  has 
shown  that  dose  regulation  of  speed  is  best  obtained  by  high  rotative 
speeds.  It  is  possible  to  hold  the  changes  of  speed  within  one  or  two 
per  cent,  for  exti'eme  changes  of  load  and  steam  pressure.  The  fluctua- 
tions of  speed  in  passing  the  centres  ai'e  also  less  marked:  in  fact,  the 
high-speed  engine  seems  to  have  no  dead  centres. 

As  will  be  shown  later,  the  weight  of  material  in  the  short  stroke  en- 
gine is  proportionately  greater  than  the  long  stroke,  and  its  quality  supe- 
rior, as  is  also  the  grade  and  amount  of  workmanship.  The  points  just 
mentioned — namely,  small  space  required,  great  simplicity,  compactness 
and  rigidity,  close  regulation  of  speed,  great  strength  and  solidity  of 
construction — would  surely  prevent  these  engines  from  "going  a-beg- 
ging," as  Mr.  Hague  fears,  even  if  their  first  cost  per  horse-power  were 
equal  to  or  greater  than  that  of  the  long-stroke  engine. 

This  brings  us  to  the  question  of  relative  costs.  The  writer  on  long 
stroke  charges  the  short-stroke  engine  with  being  the  lower 
priced,  but  actually  dearer  engine.  The  opposite  is  more  nearly  the 
case.  Comparing  the  weights  and  prices  of  our  typical  engines,  the  fol- 
lowing facts  appear  :  1st.  Taking  the  relative  lengths  of  stroke  as  a  basis 
of  comparison,  the  short-stroke  engine  is  some  25  per  cent,  heavier,  the 
diameters  of  cylinder  being  the  same.  2d.  The  selling  price  per  pound, 
which  indicates  the  quality  and  the  amount  of  labor  and  the  grade  of 
material  employed,  of  the  short-stroke  engine  is  to  that  of  the  long- 
stroke,  about  as  100  to  56.  This  increase  of  weight  per  unit  of  length  and 
the  higher  price  per  pound  show  that  the  short-stroke  engine  cannot  be 
termed  a  cheap  affair.  Compared  with  the  long-stroke,  it  costs  far  more 
to  build.     If,  however,  we  consider  the  net  first  cost  per  horse-power,  the 
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short-stroke  can  usually  be  sold  at  a  lower  price.  This  is  due  not  to  any 
cheapening  of  the  product,  as  has  just  been  shown,  but  to  a  better 
adaptation  of  means  to  ends — a  more  efficient  distribution  of  material,  as 
well  as  the  best  of  material  and  plenty  of  skilled  labor.  These  are  points 
of  progress  which  the  engineer  may  note  with  pride. 

The  statement  of  Mr.  Hague,  that  this  item  of  large  power  for  small 
first  cost  is  not  advanced  in  favor  of  the  short-stroke  engine  can  be  readily 
disproved  by  reference  to  advertisements. 

Next  in  order  is  the  cost  of  operating,  and  as  steam  economy  is  the 
chief  hobby  of  the  article  in  question,  let  us  take  this  up  first,  with  the 
indicator  diagram  as  a  basis.  It  would  be  easy  to  select  cards  from  these 
engines  which  would  not  show  the  true  relative  efiiciency,  but  which,  by 
scientific  jugglery,  might  be  made  to  show  in  favor  of  either  engine. 
Without  going  further  into  details,  we  will  give  results  already  obtained 
from  short-stroke  engines.  Prof.  R.  H.  Thurston  very  carefully  tested  an 
engine  at  Providence,  R.  I.,  under  regular  service,  and  which  had  re" 
ceived  no  special  preparation  whatever.  He  reports  the  consumption  of 
steam  per  indicated  horse-power  per  hour,  as  figured  from  the  diagram, 
as  21.3  lbs.  Engineers  in  the  employ  of  Thomas  A.  Edison  reported  as  a 
result  of  carefully  made  tests.  19,4  on  the  same  basis.  These  results  com- 
pare closely  with  the  best  that  can  be  produced  for  the  long-stroke  engine, 
and  the  alleged  difference  of  24i^u  per  cent,  fades  into  insignificance.  Even 
on  this  excessive  claim  Mr.  Hague  is  able  to  figure  out  a  saving  of  but 
f  105Y^o"jf  per  year,  based  on  maximum  St.  Louis  prices  of  coal — $2  per  ton. 
The  difference  in  price  between  a  50  horse-power  long  and  short-stroke 
engine,  which  is  the  size  he  bases  his  calculations  upon,  is  something 
like  $1,000.  Money  being  worth  seven  per  cent. — his  own  figure — it 
would  require  some  fifteen  years  to  get  back  this  original  extra  outlay — 
a  financial  scheme  the  beauties  of  which  it  is  doubtful  whether  manu- 
facturers can  be  made  to  see. 

Referring  more  particularly  to  the  indicator  diagram,  we  claim  for  the 
short-stroke  engine  : 

First,  That  the  admission  line  is  prompt,  and  reaches  the  nearest  possi- 
sible  approximation  to  boiler  pressure. 

Second,  That  the  steam  line  shows  that  this  closeness  to  boiler  pressure 
is  maintained  uniformly  to  the  point  of  cut-off. 

Third,  That  the  cut-off  is  sharp  and  omplete. 

Fourth,  That  the  expansion  line  is  the  nearest  approximation  to  the 
theoretical  curve. 

Fifth,  That  the  release  is  so  arranged  as  to  always  clear  the  cylinder  of 
steam  of  above  exhaust  pressure,  before  the  beginning  of  the  return 
stroke. 

Sixth,  That  the  back  pressure  line  is  as  close  to  atmospheric  pressure 
as  friction  through  the  exhaust  piping  will  jjermit. 

Seventh.  That  the  compression  is  that  best  suited  for  smoothness  of 
motion  and  efficiency  in  the  use  of  steam. 

In  the  matter  of  altering  not  only  the  point  of  cut  off,  but  also  the 
points  of  release  nd  compression  with  virying  load  and  steam  pressui'e, 
the  short-stroke  engine  f^ecures  results  which  are  utterly  beyond  the  reach 
of  the  long- stroke. 
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So  much  for  the  theoretical  performance  ;  the  practical  remains  next  to 
he  examined.  It  will  be  necessary  to  examine  first  the  subjects  of  "clear- 
ance" and  "  cylinder  condensation."  Considered  alone,  clearance  is  preju- 
dicial to  good  economy,  inasmuch  as  it  causes  a  higher  terminal  pressure 
for  a  given  mean  effective  pressure,  the  former  indicating  the  amount  of 
steam  used,  and  the  latter  the  work  done.  In  long-stroke  engines,  clear- 
ance is  usually  about  three  percent,  of  the  piston  displacement  ;  in  short- 
stroke  engines  it  is  from  seven  to  nme  per  cent,  in  extreme  cases.  The 
loss,  however,  ordinarily  due  to  large  clearance  space  is  in  the  short- 
stroke  engine  more  than  balanced  by  a  gain  due  to  early  closure  of  the 
exhaust,  causing  large  compression.  The  exhaust  steam  thus  trapped 
may  be— and  frequently  is — compressed  to  boder  pressure.  The  waste 
spaces  being  thus  filled  with  steam  at  or  nearly  boiler  pressure,  do  not 
call  for  additional  steam  when  the  valve  from  the  boiler  is  opened. 

The  economy  thus  due  to  compression  is  well  known.  George  H. 
Barrus  estimates  that  a  non-condensing  automatic  cut-off  engine  under 
given  conditions,  compressing  up  to  boiler  pressure,  makes  a  gain  of  not 
less  than  six  percent,  over  the  same  engine  under  similar  conditions  run- 
ning without  compression.  True,  a  certain  amount  of  work  is  done  in 
compression,  but  it  is  immediately  given  back  on  the  return  stroke.  The 
only  remaining  objection,  then,  to  large  compression  is  that  as  it  involves 
work,  it  necessitates  some  sacrifice  of  the  normal  capacity  of  the  cylin. 
<ier;  that  is,  a  smaller  cylinder  would  do  the  same  useful  work  if  there 
were  no  compression.  An  examination  of  the  action  of  the  valve  of  the 
short-stroke  engine  will  show  how  this  difficulty  is  met.  As  already 
noted,  the  amount  of  compression  varies  inversely  as  the  load,  being 
greatest  when  the  work  required  of  the  engine  is  least.  The  loss  of  capac- 
ity due  to  compression  is  then  of  no  importance.  As  load  is  added, 
compression  and  the  accompanying  economy  decrease,  but  the  loss  is 
small  until  an  overload  is  put  upon  the  engine.  Bat  when  overloaded, 
all  engines,  without  regard  to  length  of  stroke,  suffer  a  loss  of  efficiency. 

The  loss  due  to  condensation  of  steam  on  the  internal  surfaces  of  the 
cy Under  is  now  the  most  serious  obstacle  in  the  way  of  improved  etfi- 
ciency,  and  its  importance  has  led  to  long  study  and  many  experiments 
looking  to  a  remedy.  Tables  of  standard  engine  performance  from  the 
best  authorities  give  the  actual  consumption  of  water  per  horse-power 
per  hour  in  non-steam  jacketed  cylinders  as  over  28  per  cent,  greater 
than  the  theoretical  or  that  calculated  from  the  indicator  card,  taken  at 
one-fifth  cut-off.  This  enormous  loss  is  due  wholly  to  internal  conden- 
sation. To  work  steam  economically,  it  niust  be  worked  quickly,  espe- 
cially when  used  expansively.  After  cut-off,  when  the  supply  of  heat 
from  the  boiler  has  ceased,  the  most  serious  losses  occur,  and  that  engine 
which  accomplishes  expansion  in  the  least  time  certainly  does  it  with 
the  minimum  loss. 

One  of  Mr.  Hague's  statements  is  surprising — that  "  it  is  an  immuta- 
ble law  of  nature  that  the  faster  an  engine  runs,  the  quicker  it  will  wear 
out."  True,  for  any  given  engine,  but  to  apply  such  a  law  generally  and 
without  further  qualification  is  to  ignore  intrinsic  differences  in  con- 
struction and  peculiar  adaptation  to  such  service.  The  designing 
of    a    high  -  speed    engine    even     for    severe    and    continuous    duty 
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presents  no  greater  difficulties  to  the  engineer  than  does  the  designing  of 
a  railway  bridge  to  carry  a  certain  load.  Wear  is  due  to  friction,  the 
laws  of  which  ara  well  understood,  and  niultiplicicy  of  parts.  That  the 
designers  of  short-stroke  engines  vinderstand  and  are  governed  by 
these  laws,  the  record  of  their  machines  abundantly  shows.  The  alleged 
greater  amount  of  oil  necessary  on  the  short  stroke  for  a  given  amount 
of  work  ;  the  claimed  necessity  for  closer  attendance,  as  well  as  deprecia- 
ti  )n  and  cost  of  repairs  and  liability  to  derangement,  are  all  dependent 
directly  upon  the  amount  of  friction  and  the  number  of  wearing  parts 
which  we  have  shown  to  be  favorable  to  the  short-stroke  engine. 

In  view  of  these  facts  we  deny  the  assertion  that  the  long-stroke  engine 
"  is  the  best,  most  economical,  either  scientifically  or  practically,  the 
cheapest  to  own,  and  the  easiest  to  run  and  take  care  of."  On  account  of 
less  first  cost,  interest  and  depreciation  ;  less  space  occupied,  greater 
regularity  of  speed  ;  less  friction  and  liability  to  breakage  ;  and  at  least 
equal  fuel  economy,  the  total  economic  advantages,  we  claim,  are  in 
favor  of  the  short  stroke  engine.  We  deny  that  the  long  stroke  engine 
will  make  a  sufficient  saving  in  operating  expenses  over  the  short  stroke, 
to  justify  any  greater  first  cost  whatever. 

In  what  direction  does  the  genei'al  practice  of  the  day  tend?  The 
locomotive  engine  is  a  case  in  point  where  short  stroke  has  proved  best. 
Nowhere  are  all  the  elements  of  economic  efficiency  of  so  much  impor- 
tance, as  in  the  proportioning  of  the  cylinders  of  marine  engines.  There 
the  present  standard  type  is  extreme  short  stroke,  and  is  the  outcome  of  a 
slow  process  of  evolution.  A  fair  example  is  H.  M.  S.  Nelson,  whose  cylin- 
ders are  60  inch  high  pressure,  104  inch  low  pressure,  42  inch  stroke.  Out 
of  a  list  of  sixteen  vessels  of  standard  proportions  no  one  of  them  has  a  cyl- 
inder less  in  diameter  than  in  length  of  stroke.  In  most  of  them  the  diameter 
of  high  pressure  cylinder  is  much  greater  than  the  length  of  stroke. 

The  standard  long  stroke  engine  comes  to  us  embodying  long  jears  of 
study  and  experiment,  and  as  the  first  successful  example  of  high  effi- 
ciency of  steam.  It  has  been  through  hard  service,  been  subjected  to 
severe  tests,  and  has  accordingly  come  to  be  regarded  as  the  ideal  steam 
engine.  For  this  as  well  as  for  its  well-known  superiority  to  ordinary 
types  of  engines,  it  is  destined  to  many  years  of  usefulness.  Yet,  the 
advancements  of  recent  years  will  bear  out  tlie  conviction  that  it  must 
now  share  the  1  onors  with  its  latest  rival,  the  short-stroke  engine. 

No  more  fitting  conclusion  could  be  selected  than  the  following,  taken 
from  Mr.  Hague's  paper  itself  : 

"  As  far  as  the  efforts  of  high-speed  engineers  tend  toward  the  produc- 
tion of  good  or  better  results  for  less  outlay  of  capital,  we  may  be  set 
down  as  heartily  commending  them,  because  the  social  and  commercial 
demands  of  the  world  are  in  this  direction,  and  he  who  opposes  a  prac- 
ticable advance  will  be  most  assuredly  crushed,  whether  he  knows  the 
reason  of  it  or  not.  The  eternal  fitness  of  things  constitutes  the  supreme 
court  of  every-day  practice,  and  from  it  there  is  no  appeal." 

It  has  been  wisely  said  that  he  who  causes  two  blades  of  grass  to  grow 
where  but  one  grew  before,  is  a  human  benefactor.  May  we  not  say  with 
equal  truth,  that  the  artisan  in  iron  and  steel  who  causes  to  be  done  with 
one  piece  what  formerly  required  many  more,  is  a  benefactor  in  the  more 
prosaic  world  of  force  and  matter. 
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The  Secretary  of  the  Boston  Society  of  Civil  Engineers  prints,  by 
request,  the  following  passages  from  Report  of  the  U.  S.  Coast  and 
Geodetic  Survey  for  1882  : 

Extract  from  Appendix  No.  9,  on  Field-Work  of  the  Triangulation,  by 
Richard  D.  Cutts,  Assistant  (p.  173):  "The  spirit  level  is  employed  to 
determine  the  height,  above  mean  tide,  of  the  principal  triangxilation 
stations  on  the  coast,"  etc. 

Extract  from  Appendix  No.  11,  on  Results  of  the  Transcontinental  Line 
of  Goedetic  Spii-it-Leveling,  by  Charles  A.  Schott.  Assistant  (foot  note  on 
p.  518) :  "  A  slight  acquaintance  with  the  laws  of  the  tides  indicates  that 
the  level  of  reference  for  spirit-leveling  of  precision  can  be  no  other  than 
the  average  or  so-called  half-tide  level  of  the  ocean."  »  *  «  * 
"  The  spiiit-leveling  operations  of  the  great  trigonometrical  survey  of 
India,  commenced  in  1858.  were  started  from  the  mean  (average)  sea- 
level  of  Karachi  Harbor.  (Tables  of  Heights  in  Sinde,  the  Punjab,  etc., 
Calcutta,  1863).  In  the  leveling  connecting  the  Baltic  with  the  Swiss 
levels  the  plane  of  reference  is  the  mean  water  at  Swinemunde,  depend- 
ing on  fifty-four  years  of  observations.  (Leveling  in  connection  with  the 
measurement  of  arcs,  by  Dr.  Seibt.     Berlin,  1882.)" 
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BOSTON  SOCIETY  OF  CIVIL   ENGINEERS. 


May  30,  1885  : — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  8.05  p.  M.,  twenty-four  Members  present,  Vice- 
President  L.  Frederick  Rice  in  the  chair. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  Government  presented  the  following  communication  :  At  a  meeting  of  the 
Government,  held  April  11,  1885,  it  was  voted  :  That  the  matter  of  nominating  a 
Committee  on  Weights  and  Measures  be  referred  to  the  Society,  with  the  request 
for  more  definite  instruction  as  regards  the  scope  of  the  work  of  the  Committee. 

On  motion  of  Mr.  E.  W.  Howe  it  was  voted  :  That  this  conununication  be  laid 
on  the  table  until  the  next  meeting. 

A  communication  was  read  from  the  Civil  Engineers'  Club  of  Cleveland  invit- 
ing this  society  to  unite  with  other  engineei'ing  societies  in  the  consideration  of  the 
subject  of  the  relation  of  Army  and  CivU  Engineers  in  the  Government  sei-vice. 

On  motion  of  Mr.  C.  W.  Folsom,  the  consideration  of  this  subject  was  post- 
poned until  the  next  meeting. 

Messrs.  R.  P.  Coggeshall,  M.  T.  Cook,  A.  S.  Glover,  Sidney  Smith,  F.  P.  Spal- 
ding, F.  I.  Winslow,  J.  Worcester,  were  proposed  for  membership,  recommended 
respectively  by  D.  Brackett  and  A.  F.  Noyes;  D.  Brackett  and  E.  W.  Howe  ;  F. 
P.  Stearns  and  A.  F.  Noyes  ;  C.  E.  Clarke  and  F.  P.  Stearns ;  D.  Brackett  and 
H.  Manley ;  D.  Brackett  and  H.  L.  Eaton ;  J.  R.  Freeman  and  R.  A.  Hale. 

Messrs.  E.  L.  Brown,  S.  R  Edmond  and  A.  W.  Hunking  were  elected  members 
of  the  Society. 

Mr.  D.  Brackett  read  a  paper  on  The  Distribution  System  of  the  Boston  Water 
Works,  and  illustrated  his  paper  with  various  drawings  of  pipes,  special  castings, 
etc.,  and  exhibited  and  explained  the  Deacon  and  Church  Waste  Water  Detectors. 

[Adjoui'ned.}  H.  L.  Eaton,  Secretary. 

June  17,  1885. — A  regular  meeting  of  the  Boston  Society  of  Civil  Engineers 
was  held  and  called  to  order  at  7:35  p.  M.,  seventeen  Members  present.  In  the 
absence  of  the  President  and  Vice-President,  Mr.  C.  W.  Folsom  was  elected  Chair- 
man. 

The  record  of  the  last  meeting  was  read  and  approved. 

The  communication  from  the  Government  concerning  the  Committee  on  Weights 
and  Measui'es  was  taken  from  the  table,  and  on  motion  of  Mr.  Frederick  Brooks 
it  was  voted  :  That  the  government  be  recommended  to  appoint  Charles  H. 
Swan,  Charles  W.  Kettell  and  Thomas  W.  Davis  a  Committee  on  Weights  and 
Measures. 

The  communication  from  the  Civil  Engineers'  Club  of  Cleveland,  the  considera- 
tion of  which  was  postponed  for  one  month  at  the  May  meeting,  was  read,  and 
on  motion  of  Mr.  Frederick  Brooks  it  was  voted  :  That  the  subject  be  referred 
to  the  Government  with  instiniction  to  correspond  with  the  conmiittee  of  the  Cleve- 
land Club  for  the  purpose  of  obtaining  further  information  as  to  the  probable 
line  of  action  to  be  followed  by  the  proposed  comniittee,  and  report  to  the  Society. 

On  motion  it  was  voted  :  That  the  July  and  August  meetings  be  omitted. 

On  motion  of  Mr.  F.  P.  Stearns  it  was  voted  :  That  a  vote  of  thanks  be  extended 
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to  Messrs.  W.  W.  Greenough,  President,  C.  D.  Lanison,  Superintendent,  and 
other  officers  of  the  Boston  Gas-Light  Company,  to  whom  the  Society  is  greatly 
indebted  for  courtesies  received  at  its  visit  to  the  works  of  the  company,  June  17, 
1885. 

Mr.  Frank  W.  Fuller  read  a  paper  on  the  Wellesley  Water  Works,  and  exhibited 
various  plans,  photographs,  etc. ,  illustrating  his  subject. 

A  paper  on  Railroad  Building  in  Mexico,  by  Laurence  Bradford,  was  read  by 
the  Secretary. 

[Adjom-ned.]  H.  L.  Eaton,  Secretary. 


WESTERN  SOCIETY  OF  ENGINEERS. 


June  16,  1885  :— The  210th  meeting  was  held  in  the  Society's  Hall  at  4  p.  m., 
President  Williams  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Upon  ballot  Mr.  J.  M.  HoweUs  and  Prof.  H.  B.  Herr  were  elected  Members. 

On  motion  of  Mr.  Wright,  Messrs.  Cregier  and  Artingstall  were  appointed  a 
committee  to  draft  memorial  resolutions  on  the  death  of  Mr.  J.  A.  Porter,  a  Mem- 
ber of  the  Society. 

The  Secretary  read  letters  from  the  Engineers'  Club  of  St.  Louis  and  the  Civil 
Engineers'  Club  of  Cleveland,  asking  appointment  of  a  committee  on  the  subject 
of  the  relations  of  army  and  civil  engineers  in  the  service  of  the  general  govern- 
ment. 

Upon  motion  of  Professor  Cooley  the  following  was  adopted  : 

Resolved,  That  a  committee  of  three  be  appointed  to  consider  the  present 
organization  of  the  engineer  service  for  the  conduct  of  public  works  of  the  United 
States.  Said  committee  to  be  empowered  to  confer  with  similar  committees 
appointed  by  other  engineer  societies. 

The  President  appointed  as  such  committee  Messre.  Cooley,  Herr  and  Wright. 

By  request,  the  matter  of  enlarging  the  scope  and  operations  of  the  American 
Society  of  Civil  Engineers,  as  outlined  in  a  personal  communication  from  Mr. 
A.  M.  Wellington,  was  taken  up  for  discussion.  The  expression  of  views  of 
members  present  was  unanimously  favorable  to  the  general  suggestions  made  by 
Mr.  Wellington. 

[Adjourned.}  L.  P.  MOREHOUSE,  Secretary. 

July  7,  1885. — The  211th  meeting  was  held  in  the  Society's  hall,  at  4  p.  M. 
Mr.  Cregier  was  called  to  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

The  resignation  of  Mr.  J.  F.  Aldric.'h,  as  a  Member,  was  i  ead  and  accepted. 

The  Secretary  read  a  paper  by  Prof.  J.  A.  L.  Waddell,  "  An  American  Engineer- 
ing Literatui'e  Society." 

[Adjourned.']  L.  P.  Morehouse,  Secretary. 


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


April  14,  1885  : — Regular  meeting  held.  President  Halloway  in  the  chair.  The 
minutes  of  the  last  meeting  were  read  and  approved.  Two  volumes  of  the  Annual 
Report  of  the  Chief  of  Engineers  of  the  United  States  (Parts  II.  and  IV.)  were 
received  from  the  War  Department.  Also,  from  the  Hon.  M.  A.  Foran,  the 
Report  of  the  Director  of  the  Mint  for  1883. 

The  following  report  of  the  committee  appointed   January  13th  was  received 
and  adopted  : 
To  the  President  and  Members  of  the  Civil  Engineers''  Club  of  Cleveland : 

Gentlemen  :  Your  committee  appointed  to  consider  the  question  of  the  pub- 
lication, in  other  technical   oum?ls,  of  the  papers  read  before  the  club,  previous  to 
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their  appearing  in  the  Journal  of  the  Association  of  Engineering  Societies,  would 
submit  the  following  report  : 

Resolved,  That  it  is  the  sense  of  the  Club  that  all  such  papers  should  appear  in 
the  Journal  of  the  Associated  Societies  before  appearing  in  other  technical  publi- 
cations. 

Ambrose  Swasey,  ; 

John  Whitelaw,    -Committee. 

J.  N.  Richardson,  \ 

The  Chairman  of  the  Committee  on  Annual  Meeting  i-eported  a  deficiency  of 
$9.75,  which,  upon  motion,  the  Treasurer  was  authorized  to  pay. 

The  following  resolution  by  Mr.  Leland  was  adopted  : 

Resolved,  That  the  Con  espondiug  Secretary  be  authorized  to  take  active  meas- 
ures to  procure  photogi'aphs  (cabinet  where  possible)  of  members  who  have  been 
removed  by  death  or  otherwise,  and  to  secm-e  suitable  frames  for  such  pictures. 

The  following  was  adopted  : 

Resolved,  Tliat  the  President  appoint  a  committee  of  five  civd  engineers  to  dis- 
cuss and  recommend  a  plan  of  action  to  the  Club,  regai'ding  a  memorial  to  Con- 
gress, asking  that  Civil  Engineers  be  placed  on  an  equal  footing  with  Military 
Engineers  in  mattei  s  pertaining  to  public  works,  other  than  military.  Amended 
by  Professor  Eisenmann,  That  at  least  three  of  the  members  of  the  committee  be 
Civil  Engineers  who  are  now,  or  who  have  been,  emploj^ed  on  United  States  engi"^ 
neering  works. 

The  President  appointed  the  following  as  the  conmiittee  :  Prof.  J.  Eisenmann, 
Chairman  ;  W.  P.  Rice,  J.  J.  Laman,  W.  T.  Blunt,  and  James  Ritchie. 

Upon  recommendation  of  the  Committee  on  Membership,  the  following-named 
persons  were  elected  Members  of  the  Club,  Mr.  J.  L.  Culley  acting  as  teller  : 
Active  Members— Wm.  T.  Blunt,  James  Ritchie,  and  Louis  E.  Chapin.  Cor- 
responding Member,  J.  B.  Strawn  ;  Associate  Member,  A.  B.  Richmond. 

The  President  announced  the  standing  committees  for  the  ensuing  year  as  fol- 
lows : 

Committee  on  Publication  and  Library — H.  Paul,  N.  M.  Anderson  and  M.  E. 
Rawson. 

Conunittee  on  Membership — John  Whitelaw,  J.  N.  Richardson  and  Ambrose 
Swasey. 

Conunittee  on  Engineering  and  Surveying — ( liarles  Paine,  Chairman  ;  W.  P. 
Rice,  Charles  H.  Strong.  J.  J.  Laman  and  J.  D.  Varuey. 

Committee  on  Mechanical  Engineering — S.  T.  Welhnan,  Alex.  E.  Brown,  D. 
Appel,  T.  D.  West  and  Walter  Miller. 

Committee  on  Railroad  Engineering — C.  M.  Barber,  C.  W.  Fenn,  W.  H. 
Searles,  C.  W.  Paine  and  J.  L.  Sterling. 

Committee  on  Architecture — F.  A.  Coburn,  J.  M.  Blackburn,  C.  O.  Arey,  Theo. 
Rosenberg  and  J.  T.  Watterson. 

Committee  on  Subjects  Pertaining  to  Scientific  Pursuits — W.  R.  Warner,  J. 
Eisenmann,  W.  B.  Wood,  E.  W.  Morley  and  George  Bartol.  Each  committee  to 
select  its  own  chairman. 

W.  P.  Rice  then  read  a  paper  entitled,  "  Wave  Reaction,"  which  was  very  gen- 
erally discussed. 

President  Halloway  read  a  sketch,  giving  an  account  of  his  visit  to  the  New 
Orleans  Exposition. 

A  vote  of  thanks  was  tendered  to  the  gentlemen. 

[Adjourned.']  M.  W.  Kingsley,  Rec.  Sec'y- 


May  12,  1885  :— Club  called  to  order  by  the  President  at  8:15  p.  M.  Twenty- 
four  Members  and  one  visitor  were  present.  In  the  absence  of  the  Recording 
Secretary  the  Corresponding  Secretary  was  directed  to  keep  the  minutes. 

The  application  of  W.  H.  Bone  was  received  from  the  Committee  on  Member- 
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sh  ip,  recommending  him  for  aative  membership.     He  was  duly  elected  an  active 

Member. 

An  amendment  was  presented  to  change  Article  XIII. ,  Sec.  4,  of  the  By-Laws 

(second  paragraph),  to  read  as  follows  :    The  chairmen  of  these  committees  shall 

constitute  the  Committee  on  Programme,  which  committee,  when  formed,  shall 

elect  its  chairman  within  one  week  after  the  committees  are  announced. 

(Signed)  S.  J.  Baker. 

Harry  B.  Strong. 

C.  P.  Leland. 
The  following  resolutions  were  presented  : 

Resolved^  That  the  President  appoint  a  committee  to  consider  the  advisability 
of  securing  larger  rooms  for  our  meetings. 

Resolved,  That  the  President  be  requested  to  call  occasional  meetings  for  the 
informal  presentation  of  matters  relating  to  engineering  experience,  observation 
and  inquiry,  and  for  the  further  discussion  of  papers  presented  at  previous  meet- 
ings, such  meetings  to  be  informal  and  not  to  be  meetings  of  record. 

Resolved,  That  the  presiding  officer  be  requested  to  call  a  recess  of  from  five  to 
ten  minutes'  duration  after  the  business  of  regular  meetings  is  completed,  and 
before  the  papers  of  the  evening  are  read. 

Resolved,  That  the  Committee  on  Library  and  Publication  and  the  Correspond- 
ing Secretary  are  authorized  to  prepare  copies  of  the  Constitution  and  By-Laws, 
and  list  of  members  of  convenient  pocket  form. 

Resolved,  That  the  member  of  the  Board  of  Managers  of  the  Association  of 
Engineering  Societies  is  hereby  requested  to  communicate  to  the  Board  the  hearty 
approval  of  the  Civil  Engineers'  Club  of  Cleveland,  of  the  new  and  valuable 
eatare  introduced  into  the  Journal  in  its  Index  Department,  and  the  wish  that 
it  be  continued  ;  also  to  communicate  the  thanks  of  the  Club  to  Prof.  J.  B.  John- 
son, of  St.  Louis,  to  whom  we  are  indebted  for  it. 

Resolved,  That  the  Recording  Secretary  be  requested  to  enclose  to  new  Members 
cards  of  introduction  to  the  President,  and  ask  that  they  be  presented  to  the  Presi- 
dent during  the  recess  at  their  first  attendance. 

Resolved,  That  the  Corresponding  Secretary  transmit  to  the  Hon.  M.  A.  Foran 
and  others  who  have  presented  papers  and  maps  this  evening  the  thanks  of  the 
Club. 

Resolved,  That  the  Secretary  be  instructed  to  have  the  map  of  New  York  Har- 
bor mounted  and  placed  upon  the  walls  of  the  Club  rooms. 

Resolved,  That  the  Corresponding  Secretary  be  authorized  to  procure  photo- 
graphs of  the  three  presidents  of  the  Club,  and  place  them  on  the  walls  of  the 
room. 

The  resolutions  were  passed  unanimously.  An  intermission  of  ten  minutes  was 
announced,  after  which  Mr.  C.  P.  Leland  read  an  account  of  the  life  of  John  B. 
Jervis,  and  presented  the  Club  with  a  handsome  portrait  of  Mr.  Jervis.  Remarks 
were  made  by  Mr.  J.  A.  Sargent,  Chas.  Paine  and  Chas.  Latimer. 

The  following  resolution  was  introduced  by  Mr.  Latimer,  and  unanimously 
adopted  : 

Resolved,  That  the  thanks  of  this  Club  be  extended  to  Mr.  C.  P.  Leland  for  his 
donation  of  a  fine,  framed,  steel  portrait  of  the  late  John  B.  Jervis  and  for  the  in- 
teresting account  of  his  life  and  sei-vices. 

[Adjourned.']  E.  H.  Jones,  Corresponding  Secretary, 

Recording  Secretary  pro  tern. 


June  9,  1885  : — Regular  meeting  held,  President  Halloway  in  the  chair.  The 
minutes  of  the  last  meeting  were  read  and  approved. 

Corresponding  Secretary  Jones  reported  that  the  following  named  per.sons  had 
been  selected  by  the  members  of  the  various  committees  to  act  as  chairmen  :  Civil 
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Engineering,  Walter  P.  Rice  ;  Railroad  Engineering,  WiUJam  H.  Searles ;  Mechan- 
ical Engineering,  T.  D.  West ;  Architecture,  Theo.  Rosenberg  ;  Subjects  Pertain- 
ing to  Scientific  Pursuits,  N.  B.  Wood. 

The  following  resolutions  were  adopted. 

Resolved,  That  the  committee  and  membership  be  requested  to  furnish  to  the 
committee  having  in  charge  the  publication  of  the  new  list  of  Members,  with  Con- 
stitution and  By-Laws,  a  i-evised  list  of  the  present  membership  of  the  club. 

Besolved,  That  the  Civil  Engineers'  Club  of  Cleveland,  having  learned  of  the 
projected  establishment  of  the  Cleveland  Manual  Training  School,  desires  to  ex- 
press its  approval  of  this  method  of  educating  and  trainiag  young  men,  with  a 
view  of  increasing  the  knowledge  and  interest  in  the  mechanical  arts  and  engi- 
neering. 

After  a  short  recess,  the  amencbuents  to  the  By-Laws,  as  presented  at  the  meet- 
ing of  May  12,  1885,  were  adopted. 

Mr.  W.  H.  Searles  then  read  an  interesting  paper  entitled  "  Some  Remtuiscences 
of  the  Construction  of  the  New  York,  West  Shore  &  Buffalo  Railway,"  for  which 
he  was  tendered  a  hearty  vote  of  thanks. 

[Adjourned.l  M.  W.  Kingsley,  Rec.  Sec'y. 


Editors  reprinting  articles  from  this  journal  art. 
requestfd  to  credit  both  the  Journal  and  the 
Society  before  which  such  articles  ivere  read. 
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SOME  TESTS  OF  THE  STRENGTH  OF  MATERIALS. 


By  Prof.  Wm.  A.  Pike.  Member  op  the  Engineers'  Club  op  Minnesota. 
[Read  April,  1885.J 


In  this  paper  I  propose  to  set  before  you  some  of  the  results  of  tests 
made  in  the  testing  laboratory  of  the  University  of  Minnesota  during  the 
last  three  years. 

I  wish  to  acknowledge  in  the  beginning  my  indebtedness  to  Mr.  W.  F. 
Carr.  who  has  assisted  me  in  working  up  the  results,  and  to  state  that  a 
large  part  of  these  tests  have  been  made  by  engineering  students  of  the 
University  as  a  part  of  their  regular  work.  The  machine  used  was  an 
Olsen  screw  machine  of  fifty  thousand  pounds  capacity.  In  order  to  test 
full  sized  beams,  such  as  are  used  in  construction,  we  have  devised  an 
arrangement  by  which  loads  may  be  applied  by  means  of  a  screw  at  the 
centre  of  a  beam,  and  the  reaction  at  one  end  weighed  by  the  testing  ma- 
chine. In  this  case  deflections  are  measured  by  means  of  a  micrometer 
reading  to  thousandths  of  an  inch,  contact  with  a  wire  being  determined 
by  an  electric  current  passing  and  causing  a  bell  to  ring. 

The  following  classes  of  tests  have  been  made,  and  will  be  taken  up  in 
their  order  as  given  below  : 

Tension  tests  of  pine  wood,  compression  tests  of  pine  wood,  transverse 
tests  of  pine  wood,  compression  tests  of  bricks,  compression  tests  of 
bricks  with  reference  to  position  in  kiln,  transverse  tests  of  bricks,  crush- 
ing tests  of  stone. 

Incidentally  in  these  tests,  in  many  cases,  specific  gravity  and  absorp- 
tion of  water  have  been  obtained. 

Tension  Tests  of  White  Pine. 

The  dimensions  given  in  the  first  column  in  Table  I.  below  are  the 
least  dimensions  of  the  sticks,  which  were  made  of  the  sizes  indicated  for 
about  a  foot  in  the  centre.  These  sticks  had  ends  about  fifteen  inches 
long,  which  were  enlarged  so  that  they  had  shoulders  about  one  and  one- 
half  inches  square,  which  bore  on  the  cross  head  and  top  platform  of  the 
machine,  thus  giving  a  shearing  area  of  about  forty-five  square  inches; 
in  spite  of  which  fact  it  was  necessary  to  spike  and  clamp  tlieir  ends  in 
order  to  prevent  splitting.  From  these  shoulders,  where  the  main  body 
of  the  sticks  was  about  one  and  one-half  inches  square,  the  sticks  were 
tapered  to  the  sizes  given  in  the  table. 
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TABLE  I.— Tension  Tests— White  Pine. 

Dimensions              Load  per  Specific  Modulus  of                     Remarks. 

in  inches.              square  inch.  gravity.  elasticity. 

1       X     1^ 7,110  .335  (?)  AH    these     pieces 

%  X     % 8,000  were  thoroughly 

U  X  1% 7,883  .662  weU  seasoued. 

1       xl     10.000  .758  1,302,000               9  computations. 

1       X     % 6,000  .629  

%x     % 10,240  .594  1,718,500               2 

%  X     % 8,888  ....  

1       X   1     9,500  .654  1,214.000              12             " 

1%  X   1     5,143  ....  

1%  X  23-.; 7,854  ...  

1       X     i| 10,485  ....  1,493,000                7 


81,102  -^  11  =  7,373  =  avei'age  tensile  strength. 

An  important  fact  determined   from  tliese  experiments  and  not   indi- 
cated in  the  table,  is  that  the  longitudinal  shearing  strength  of   white 
pine  is  even  less  than  has  been  generally  given,  and  it  is  hoped  at  an  early 
day  to  be  able  to  give  definite  figures  as  to  such  strength. 
Compression  Tests  of  Pine  Wood. 

There  were  tliirty-five  tests  of  white  pine  wood  made,  in  which  the 
dimensions  varied  from  one  inch  cubes  to  pieces  tifty-four  inches  long 
and  thiee  inches  square,  as  shown  in  Tables  II.  and  III. 

These  pieces  were  carefully  watched  and  divided  into  two  clas-es,  those 
breaking  by  direct  compression  and  those  by  bending.  Table  II.  gives  the 
results  of  those  of  the  first  class  and  Table  III.  of  the  second. 

The  fourth  column  of  Table  III.  contains  values  of  the  constant  a  of  the 
well-known  formula  for  the  strength  of  struts,  found  by  substituting  for 
/  the  average  value  of  /'  in  the  twenty-three  experiments  where  the  pieces 
gave  way  by  direct  crushing.  The  value  of  this  constant,  as  usually 
given  for  timber,  is  oiy,  or  .004,  which  it  will  be  seen  is  very  much  in 
excess  of  any  value  here  obtained. 

It  is  not  proposed  to  base  a  new  value  on  these  few  experiments,  but  to 
give  them  for  what  they  may  be  worth  as  indicating  that  .jl^  is  too  large. 

TABLE  II.— White  Pine — Compression. 
Dimensions  in  inches. 


L. 

B. 

H. 

Load. 

Stress. 

Remarks. 

IM 

\% 

IM 

18.700 

6,106 

Broke  by  crashing. 

12 

m 

1% 

18,000 

5,885 

12 

m 

1 

10,900 

5,533 

1 

1 

1 

7,800 

7,800 

54 

3 

3 

47.000 

5,222 

36 

2 

4 

35,010 

4,376 

48 

2 

4 

49,000 

6,125 

24 

2 

4 

36.000 

4,. 500 

24 

2 

2 

14,500 

3,625 

2 

2 

2 

25,100 

6,275 

2 

2 

3 

29.000 

4,833 

3 

3 

3 

48.900 

5,433 

o 

2 

4 

46.400 

5,800 

T 

o 

1 

11,(>00 

5,800 

2 

1 

2 

11,000 

5,500 

12 

2 

2 

18,444 

4,611 

12 

2 

3 

27,615 

4,602 

12 

2 

4 

42,493 

5,312 

12 

3 

3 

49.525 

51505 

24 

3 

3 

45.34(1 

5,038 

24 

2 

3 

16,100 

2.683 

18 

T 

2 

9,500 

4.750 

12 

1 

1 

6.200 

6,200 

121,514  -J-  23  =  5,283  average 
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TABLE  III. 

PINE  STRUTS — CROSS-BREAKING. 

Dinieusious 

^' 

lU 

mclies. 

Actual    a  in 

^  —  1  +  a  L'' 

T.. 

B. 

H. 

Load. 

Stress. 

24 

l§i 

1 

8,650 

4,391 

.00032    ^' 

54 

4 

Q 

30,600 

3,825 

.00052 

48 

4 

2 

21,550 

2,694 

.00164 

8fi 

3 

3 

41,720 

4,636 

.00097 

36 

3 

2 

16,100 

2.683 

.0029 

54 

3 

2 

16,050 

2,675 

.00134 

48 

3 

2 

17,675 

2,946 

.00137 

48 

2 

2 

11,400 

2,850 

.00149 

54 

2 

2 

9,300 

2,325 

,00173 

48 

2 

1 

3,025 

1,513 

.00109 

36 

2 

1 

5,200 

2,600 

.0008 

36 

2 

2 

13,100 

3,275 

.00189 

.01608  -^  12  =  .00134,  average. 
Transverse  Tests  of  White  Pine. 
These  tests  are  separated  into  two  classes,  small  and  full  sized,  as 
shown  in  Tables  IV,  and  V. 

The  small  beams  were  all  twenty  inches  in  length,  and  were  all  of  clear 
stuff  without  knots,  while  the  large  ones  are  just  such  pieces  as  are  used 
in  construction,  and  were  up  to  the  average  of  their  respeccive  sizes. 
The  imporoant  poiot  of  these  experiments  is  in  the  marked  difference 
between  the  small  and  lar^e  pieces,  showing  the  imperative  need  for 
tests  on  full-sized  pieces,  on  which  to  base  dimensions  of  structures. 

TABLE  IV. 

PINE  BE.VMS — TRANSVERSE  STRENGTH. 


Dimeiisions 

iu  inches. 

Modulus  of 

Specific 

L.         B.        D. 

Centre  load 

Stress. 

elasticity. 

gravity. 

20        3.94    2 

6,600 
4,930 
3,100 

6,377 
9,384 
5,812 

.46 

20        2          3.94 

.56 

20        4          2 

4,'ii4,6oo'  (  ») 

.  ♦          •  *  • 

20        2          2 

1,710 

6,412 

877,116(11) 

20        11^      IK 

570 

5,007 
8,700 

20         1  "       1  " 

290 

1,566,660 

20        1          2 

920 
3,000 
3,100 
6,000 

6,900 
5,000 
5,812 
6,666 

20        2          3 

20        4          2 

20        3          8 

20        3          2 

2,700 

6,750 

-  11  =  6,620,  averag 

72,820  -i 

3  stress. 

*  Number  of  computations. 

TABLE  V. 

PINE   BEAMS- 

-TRANSVERSE 

STRENGTH. 

Dimensions 

in  inches.* 

Modulus  of 

Specific 

L.        B.       D. 

C autre  load. 

Stress. 

elasticity. 

gravity. 

lli.<    4        4 

1,010 

3,266 

910,000 

UK    6        3K 

2,300 

3,413 

777,900  (i')l 

.'62  i 

11  ■     6        6 

5,560 

5,096 

1,519,900  (■^•■>) 

.640 

iiK   5K   7H 

9,400 

5,985 

1,666,700  e^') 

.677 

13       4       8 

4,800 

4,950 

1,277,336  (14) 

■+      .617 

13        SJ4    8 

3,275 

3,486 

1,263,426  (15) 

12        4        6 

3.237 

4,856 

2,630,000  (12) 

12        6        8 

8.300 

4,669 

1,464,000  (  4) 

12        4        8 

4,000 

3,375 

1,265,000 

12        6        8 

8,200 

2,332 

1,415,000 

12        4        4 

1.0.50 

3,543 

44,971  -^ 

11  =  4.088,  averag 

3  stress. 

*  L.  in  feet. 

+  Number  of  computations. 
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Compression.  Tests  of  Bricks. 

Table  Vf.  speaks  for  itself,  as  to  kind  of  tests  made,  the  only  remarks 
necessary  being  that  these  tests  were  made  generally  on  half-bricks, 
except  in  one  or  two  cases,  when  half  a  brick  was  beyond  the  capacity 
of  the  machine,  and  that  in  all  cases  a  piece  of  pasteboard  about  -^^  of  an 
inch  thick  was  placed  above  and  below  the  brick  to  distribute  the  pressure. 

Table  VII.  gives  results  when  brick  from  different  parts  of  same  kiln  were 
tested,  showing  perhaps  a  greater  difference  in  strength  than  was  supposed. 

Table  VIII.  gives  results  of  four  transverse  tests  of  bricks  with  supports 
seven  inches  apart,  and  loaded  in  the  centre  by  means  of  a  rounded 

knife-edge. 

TABLE  VI.— Brick— Compression. 

Load  per  Specific        Per  cent. 

Kind.                                           sq.  iuch.  gravity,      abs.  water.        Remarks. 

St.  Louis  (1) 6.494  2.44               13t^               Flatwise. 

(2) 6.060  

(3) 7,143  2.44             

(4) 3,878         

"  (5) 7,500  

(6) 7,427  


38,502  ^  6  =  6,417  average  strength. 

St.  Louis  (1) 4,080 

Red  brick- Hastings  (1) 2,622 

(2) 2,439 

(3) 600 

Red  brick— Anderson  (1) 3,000 

Chicago     (2) 3,143 

Perth  Amboy 3,364 


2.017 
2,012 
1.748 

2A 
6^ 

Edgewise. 
Flatwise — hai'd 
"  — medium 
—soft. 

1.9 

11 

9,507  ^  3  =  3,169  average  strength. 

St.  Paul  (1) 3,120         ....  Baked  hai-d. 

"       (2) 1,,557  Lighter. 

Menomouee,      Wis. 

(pressed) 2, 182  2.35  14^=0 

Menomonee,  Wis. . .    4,440  2.24  9 


6,622  -H  2  =  3,311  average  strength. 

Enamel  brick  Union  Depot)  (1) .    5,309         

(2).    3,900         


9,209  -^  2  =  4,605  average  strength. 

Red— North  Minneapolis 782  2.28  ISt'od 

684  2.30             

"                "         (pressed)  1,018         

Coon  Creek  (Anoka  Co.) 4,767  1.95  10,85 

Hobart  and  Porter  (Indiana 1,560  1.75  19j*j5 

;....  1,420 


2,980  H-  2  =  1,490  average  strength. 

Jordan,  Scott  Co.  (pres.sed)- 1 ,599         

"  "  1,795        


3,394  -J-  2  =  1,697  average  strength. 

New  Lisbon  (pressed) 6.823'         2.50  7-^ 

3,285  2.50  8  Edgewise. 

Red  Wing 948  2.30  10^ 

666  2.30  


1,614  -i-  2  =  807  average  strength. 

Zanesville,  Ohio  (pressed) 3,250  2.41  ISyfe 

"  "      2,286  2.41  15v4, 


5,536  H-  2  =  2,768 
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Kansas  City  (pressed) 1,770 

PhUadelphia  (pressed)  (1) 3,630 

(2) 3,630 

Wiscousin 1,680 

3,757 

Cream  brick — 

Chaska  (sand  mold) 686 

"      slop 342 

"    661 

"       3,074 

"       3,496 

"       3,496 

"       .  1,746 

"      (sand  mold) 3,743 

Minneapolis  (wii'e  cut) 1,055 

1,000 

(slop) 2,168 

"  1,957 

Bismarck  (pressed) 3,025 

2,089 

Clarissa  (Hartford,  Minn) 3,445 


2.29 


2.33 
2.33 
2.34 
2.38 
2.49 
2.49 
2.21 
2.29 
2.36 
2.36 
2.29 


33A 


16t 


17,»n 


21, 


On  end— soft. 
On  end — hard. 


On  edge. 


TABLE  VII. 


TESTED   WITH   REFERENCE   TO   POSITION   IN   KILN. 


Load  per 
Kind.  sq.  inch. 

Little  Falls,  Minn.  (1) 3,467 

Shingle  Creek  (2) 2,800 

Little  FaUs  (3) 2,400 

(4) 2,000 

(5) 1,237 

"         (6) 1,155 

"         (7) 1,100 

"        (8) 980 


Specific     Per  cent, 
gravity,    abs.  water.        Remarks. 
18    Arch  brick. 


1.55 
1.50 
1.56 
1.45 
1.42 
1.61 
1.54 


24 
22 

26 
29 

28 
20 
25 


Next  to  arch. 

Next  course  above  arch. 

X  from  top  toward  arch. 

Next  to  casing. 

Centre  of  kiln. 

}{  from  top  toward  arch. 


TABLE  VIII. 


-CROSS-BREAKING. 

Abs.  water, 
Sp.  gr.  pel'  cent. 
2.44        13,ft        T 
2.44 

2.49 


Remarks, 
between  supports. 


BRICK — CONTINUED- 

Kind.  Load.  Stress. 

St.  Louis  (1) 1,320  685 

(2) 1,150  594 

Enamel  (Union  Depot) . .      987  456 

Minneapolis  wii-e  cut 260        151.8 

Table  IX.  gives  the   crushing  strength  of  a  number  of   stones  used  in 

construction   in  Minnesota.     A  more   extended   investigation   into  the 

strength  of  Minnesota  stones,  in  particular,  is  now  under  way. 

TABLE   IX. 

STONE — CRUSHING. 

Kind.  Load  per  square  inch. 

Kasota  (pink) 5,900 

(light)  (?) 12,500 

same 8,500 

Sandstones— St.  Croix 3,025 

1,300 

"      Red— Bayfield,  Wis 1.919 

"■ 3,693 

"      Red— Fond  du  Lac,  Minn.. .  3,921 

Superior,  Wis.  (1) . . . .  2,560 

(2)....  5,755 

"  Berea 6,500 

Bueua  Vista 9,250 

Limestones— Trenton,  L.  S 6,442 

Mankato  (yellow). 


9,362 
3,720 
4,500 
6,020 
Quartzite— Sioux  Falls,  Dak. 15,000 


Iowa — Stone  City . . 
Nininger — Hastings,  Minn. 


Remarks. 
On  bed. 

On  bed— still  held. 
On  edge. 
On  bed. 
On  edge. 
On  bed. 
On  edge. 
On  bed. 

On  bed — weak  streak. 
On  bed. 
On  bed. 
On  bed. 

On  edge. 
On  bed. 
On  bed. 
On  bed. 
On  bed. 
On  bed. 
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HOUSE-TO-HOUSE    INSPECTION  TO   PREVENT  WATER  WASTE. 


By  M.  L.  Holman,  Member  of  the  Engineers'  Club  of  St.  Louis. 
[Read  April  29,  1885  ] 


During  the  latter  part  of  December,  1883,  and  the  first  part  of  Jan- 
uary, 1884,  the  dally  consumption  of  water  by  this  city  was  so  great  that 
the  pumping  engines  were  unable  to  keep  up  with  the  demand.  On  the 
morning  of  January  7  there  was  no  water  in  the  reservoir  above  the  out- 
let gates,  the  draft  on  the  supply  main  being  so  strong  that  the  water 
pumped  by  the  engines  did  not  reach  the  reservoir.  Large  areas  of  the 
city  were  left  without  a  supplj'  of  water.  This  excessive  demand  was 
occasioned  by  the  consumers  allowmg  water  to  run  to  waste  to  prevent 
it  from  freezing  in  the  service  pipes. 

About  noon  of  January  7  the  Mayor  issued  a  proclamation  notifying 
all  parties  supplied  from  the  city  pipe  mains  to  at  once  stop  was-ting 
water.  The  Mayor  also  authorized  i  he  appointing  of  a  force  of  inspectors 
to  examine  all  premises  and  see  that  the  proclamation  was  complied  with. 
On  the  8th  of  January  I  was  directed  to  take  immediate  charge  of  the 
inspection  thus  set  on  foot.  A.  short  account  of  the  work  done  and 
methods  of  inspection  used  may  be  of  some  interest  to  thoi^e  engaged  in 
similar  undertakings. 

At  first  the  inspection  was  confined  to  the  central  part  of  the  city,  the 
inspectors  being  assigned  to  certain  routes  and  examining  all  premises 
supplied  from  the  city  mains.  When  a  waste  of  water  was  found,  the 
proper  parlies  were  notified  to  have  the  waste  stopped  at  once.  In  cases 
where  the  waste  was  Inrgeand  due  to  broken  fixtures,  the  water  vvas  shut 
off  at  the  stop-box.  The  service  pipes  to  houses  in  St.  Louis  are  provided 
with  stop-cocks  outside  of  the  building.  These  cocks  are  generally 
situated  near  the  curb-line,  and  are  protected  by  stop-boxes  with  covers 
at  the  surface  of  the  pavemenc.  The  stop-cocks  are  about  three  feet 
below  the  surface.  The  shutting-ofl"  of  the  water  at  the  stop- 
box  often  occasioned  great  inconvenience  to  parties  supplied  from 
the  same  service  pipe,  but  who  were  not  wasting  water.  All 
cases  of  waste  were  reported  by  the  inspectors  and  examined  on  the 
following  day,  and  if  it  was  found  that  the  waste  had  not  been  stopped, 
as  ordered,  the  parties  were  again  notified.  A  third  inspection  followed, 
and  if  the  former  notices  were  found  to  have  been  ignored,  a  third  notice 
was  served  and  emphasized  by  the  immediate  shutting  off  of  the  water 
supply.  This  last  notice  generally  had  the  desired  effect,  especially  so  as 
it  was  often  followed  by  a  fine  in  the  police  court.  In  many  localities  a 
second  inspection  followed  the  first,  about  an  hour  later.  A  great  many 
places  found  all  right  by  the  first  inspector  were  reported  for  wasting 
water  by  the  second  inspector.  This  double  inspection  served  as  a  check 
on  the  inspectors  and  also  prevented  in  a  measure  the  waste  of  water. 
After  the  first  inspection  many  people  thought  that  they  were  safe  for  V  at 
day,  and  would  turn  on  the  water,  only  to  be  reported  by  the  second  inspec- 
tor. In  a  few  cases  the  third  inspector  got  around  with  a  notice  and  shut 
off  the  water  before  the  second  inspector  was  out  of  sight.  This  was 
done  only  where  the  waste  was  large  and  the  parties  willfully  allowed 
the  water  to  run  to  waste.     In  addition  to  the  day  inspection,  a  force  was 
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employed  from  5  p.  m.  to  12  p.  m.  to  patrol  portions  of  the  city  and  report 
places  found  wasting  water.  This  inspection  was  discontinued  after  a 
short  trial,  as  it  was  found  that  the  places  open  for  inspection  at  that 
time  kept  watch  for  the  inspectors,  and  wimld  shut  off  the  water  as  soon 
as  they  came  in  sight  and  turn  it  on  again  as  soon  as  they  left  the  premises. 

This  geoeral  system  was  kept  up  until  the  19th  of  January,  and  resulted  in 
a  saving  of  water  to  such  an  extent  that  the  supply  was  ample  in  all  parts 
of  the  city.  The  water  began  flowing  into  the  reservoir  on  the  evening  of  the 
8th,  and  on  the  13tli  there  was  a  good  pressure  in  the  elevated  districts. 

As  it  was  necessary  at  this  time  (January  19)  to  continue  the  inspection, 
I  reorgaoized  the  force  and  began  a  more  thorough  and  systematic  plan 
of  work.  The  inspectors  were  assigned  to  duty  in  four  sections  or  gangs, 
each  gang  being  in  charge  of  a  foreman.  The  inspectors  were  required 
to  make  full  dady  reports  in  svriting  to  the  foreman,  who  transmitted 
them  with  a  summary  of  all  work  done  during  the  day.  The  method  of 
inspection  was  that  known  as  house-to-house  inspection;  the  inspectors 
going  from  house  to  house  and  carefully  examining  all  places  supplied 
with  water  from  the  city  mains.  The  general  condition  of  the  plumbing 
was  reported  as  well  as  the  cases  of  water  waste  found. 

The  results  of  this  inspection  are  best  shown  by  the  following  table. 
The  column  giving  notices  served  includes  only  the  no  ices  for  defective 
plumbing  for  the  months  of  January  and  Februai'y.  For  the  month  of 
March  it  includes  all  notices.  During  the  month  of  March  and  the  fol- 
lowing days  in  April  the  inspection  was  under  the  immediate  charge  of 
the  Assessor  and  Collector  of  Water  Rates,  as  it  was  necessary  that  I 
should  resume  work  on  the  Water  Works  Extension  on  the  1st  of  March. 
Many  of  the  places  inspected  were  supplied  by  hydrants  sitiiated  in  the 
yards,  there  being  no  plumbing  work  in  the  houses. 

TABLE  NO.   1. 

FULL     AND     COMPLETE     DAILY     STATEMENTS     OF    THE    OPERATIONS    OF   THE    SPECIAL     WATER 
WASTE    DETECTIVE    SERVICE. 


Date. 

1 
Number          Total 
of           number  of 
Inspectors.  Inspections 

Leaks 

and 

Wastes. 

Notices 
Served. 

Repair'd . 

Shut 
cff. 

January    8, 188 1 

9,     ■'     

32 
36 
38 
26 
32 
31 
23 
24 
25 
24 
25 
32 
34 
34 
40 
41 
36 
38 
40 
40 
40 

1,500 
1,500 
1,500 
1,500 
1,.500 
1,500 
1 .500 
1 .200 
1,500 
1,.350 
1.437 
2,277 
1.876 
2,444 
2,623 
2.6.30 
2,227 
2  496 
2,135 
2,377 
2,450 

308 
300 
123 
129 
102 
125 
165 
130 
-.33 
133 
138 
217 
171 
169 
241 
217 
183 
121 
106 
142 
184 

'54 
82 
66 
48 
97 
51 
25 
44 
18 
38 
44 
.55 
64 
49 
51 
58 
44 
53 
49 
59 

il 
27 
21 

5 
22 

5 
14 

7 
17 
18 
38 
29 
22 
26 
26 
■40 
28 
13 
16 

54 

10,    "       

71 

11,     "     

39 

12,    ••     

14 

1.5,    •'     

'•        16,    '        

17.     ••       

±8,    '•     

27 
23 
29 
20 
30 
]1 

19,    "     

21,  ••     

22,  ••     

23,  "     

24,  '•     

"        25,    ••     

26,    "     

28,  "     

29,  "     

'•        30,     •'     

31,     "     

21 
26 
17 
35 
27 
25 
32 
24 
25 
36 
43 

39,531 

3,536 

979 

365 

614 

370 
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TABLE  NO.   2. 


Date. 

Number 

of 

Inspectors. 

Total 
number  of 
Iiispeetions 

Leaks 

and 
Wastes. 

Notices 
Served. 

Repair'd. 

Shut 
off. 

February  1, 1884 

28 
28 
28 
31 
31 
30 
28 
29 
29 
13 
29 
28 
36 
35 
28 
24 
33 
27 
29 
29 
30 
29 
29 
32 

2,2.54 
1.872 
1,530 
1,764 
1,858 
1.192 
1.220 
1.421 
1,435 

1,'528 
1,564 
1.801 
1.952 
1.220 
592 
1,070 
1,436 
1,835 
1,614 
1,.349 
1,785 
1.756 
1.911 

201 
152 
127 
200 
325 
169 
155 
135 
134 

138 

138 

131 

189 

80 

38 

85 

110 

129 

101 

88 

106 

87 

121 

56 
57 
60 
57 
52 
85 
53 
81 
50 
16 

■47 
45 
36 
48 
33 
26 
35 
44 
52 
39 
29 
38 
36 

24 
20 
21 
23 
21 
31 
20 
48 
15 
3 

"is 

21 
17 
20 
17 
11 
16 
21 
9 
17 
10 
18 
14 

32 

"    2  "   . 

5,  '•  

6.  "  

37 
39 
34 
31 
54 

8,  "  

"    g,  "  

33 
33 

11,  "  

12,  '•  

•'    13,  •'  

35 
13 

•'    14  "  ::::;::.::.. 

32 

15,  •'  

16.  "  

•'    18,  "  

24 
19 
£8 

19.  "  

20,  •'  

'•   2L  '•   

16 
15 
19 

25^  "  ........... 

23 
43 

26.  "  

"   27,  "  

'•   2S,  " 

29,  "  

22 
19 
20 
22 

35,859 

3.139 

1,075 

432 

643 

The  necessity  for  an  inspection  tiiat  should  detect  and  check  the  large 
waste  of  M^ater  at  night  was  so  urgent  that  steps  were  taken  to  arrive  at 
some  method  by  which  such  an  inspection  could  be  made.  The  method 
decided  upon  was  to  inspect  a  building  for  waste  bv  ascertaining  if  water 
was  running  through  the  stop  cock  which  controlled  the  supply  to  the 
premises,  and  follow  this  up  with  an  inspection  by  the  day  force  to  find, 
if  possible,  the  cause,  and  then  stop  the  waste,  if  any  was  found.  A  few 
jirelimniary  experiments  were  made  for  the  purpose  of  ascertaining  what 
could  be  done  in  the  way  of  inspection  and  what  special  instruments  were 
needed.  After  a  few  trials,  some  of  which  were  made  with  the  Bell 
watPrphone,  I  found  that  the  ordinary  iron  key  used  for  turning  on  and 
shutting  off  water  at  the  stop-boxes  was  all  that  was  needed.  A  small 
portion  of  the  key  rod  was  flattened  out  so  that  the  ear  could 
be  pressed  tightly  against  it.  After  some  practice  with  this  in- 
strument a  test  was  made  for  the  purpose  of  determining  the 
smallest  steady  running  stream  that  could  be  detected.  The  pipe 
selected  for  the  test  was  a  five- eighths  inch  service  that  led 
directly  from  the  street  main,  without  other  connections,  to  the  faucet 
where  the  water  was  allowed  to  run  into  a  receiving  tank  inside  of  the 
building.  The  key  was  put  on  the  stop-cock  outside  of  the  building  and 
the  flow  of  water  regulated  by  turning  the  stop-cock  until  the  smallest 
stream  that  could  be  detected  by  the  sound  transmitted  by  the  key  was 
obtained.  During  this  test  the  faucet  inside  of  the  building  remained 
full  open.  The  faucet  terminated  the  service  pipe,  there  being  no  pipe 
beyond  it  to  act  as  a  reservoir.  The  test  was  made  during  the  busy 
part  of  the  day  when  the  noise  made  by  passing  teams  interfered   to  a 
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considerable  extent.  The  stop-cock  was  about  four  feet  under  the  side- 
walk and  the  key  used  about  6  feet  6  inches  long,  half  inch  diameter. 
The  least  flow  detected  was  a  little  less  than,// re  gallons  j^er  hour. 

A  force  of  inspectors  was  organized  for  night  inspection,  a  gang  con- 
sisting of  four  men — two  fcr  opening  and  cleaning  out  boxes,  one  to  keep 
notes  of  work  done,  hunt  up  house  numbers,  etc.,  and  one  to  use  the  key. 
The  time  selected  for  inspection  was  from  0  to  4  (13  p.  m.  to  4  a.  m.).  The 
men  started  to  open  and  clean  out  boxes,  and  were  followed  by  the  key- 
men,  who  began  work  by  getting  the  fork  of  the  key  firmly  on  the  T-head 
of  the  stop-cock,  controlling  the  water  supply  to  the  premises  to  be 
inspected.  The  inspector  then  pressed  his  ear  against  the  flat  part  of  the 
key-rod.  If  water  was  running  with  some  little  force  inside  the  build, 
ing,  the  sound  transmitted  by  the  key  was  plain  and  distinct.  In  case  no 
sound  was  heard  by  the  inspector,  the  water  was  shut  off  from  the  build- 
ing and  then  turned  on  slowlj-.  the  inspector  keeping  his  ear  to  the  key 
while  turning  it.  If  no  sound  was  heard  during  this  trial  the  house  was 
reported  all  right.  If  there  was  a  small  leak  or  waste  going  on  inside  the 
building,  it  gradually  drained  the  pipes  while  the  water  was  turned  off. 
The  amount  of  pipe  thus  emptied  depended,  of  course,  on  the  position  of 
the  waste.  When  the  stop-cock  was  opened  slowly  the  water  rushed 
through  to  fill  up  the  empty  pipe,  and  gave  a  strong  sound  for  a  short  time. 
The  manipulation  was  necessary  to  detect  small  wastes  ;  from  half  a 
minute  to  a  minute  with  the  water  shut  off  was  generally  suflBcient.  In 
a  few  cases  where  the  occupants  were  inclined  to  be  skeptical,  I  gave 
them  the  benefit  of  a  longer  shut-off,  and  duly  reported  them  for  wast- 
ing water.  Some  discretion  was  necessary  in  order  not  to  collapse  the 
hot  water  boilers  when  there  was  one  in  the  house.  With  this  method 
of  handling,  the  ordinary  iron  key  is  preferable  to  the  Bell  waterphone, 
or  any  other  similar  device,  and  is  much  cheaper.  If  I  remember  cor- 
rectly, the  amount  asked  for  the  right  to  use  the  waterphone  in  this  city 
was  $75,000.  Several  cities  did  invest  in  this  expensive  method,  when  a 
little  actual  inspection  work  on  the  part  of  those  in  charge  would  have 
rendered  the  expenditure  unnecessary. 

A  few  reports  are  given  to  show  the  work  done.  The  inspection  was 
carried  on  in  the  western  part  of  the  city,  where  the  boxes  were  in  fair 
condition.  Houses  in  which  the  use  of  water  during  the  night  was  due 
to  sickness  are  reported  as  all  right. 

NIGHT   INSPECTION,   JANUARY  31,   1884. 

Number  of  houses  inspected 94 

Number  of  houses  all  rigtit 62 

Number  of  houses  wastius:  water 32 

The  following  inspection  by  the  day  gang  of  the  32  houses  reported 
above  showed : 

12  houses  with  plumbing  in  good  order  and  no  waste. 
20  houses  with  plumbing  in  bad  order  and  water  wasting. 

NIGHT     INSPECTION.    FEBRUARY    1,    1884. 

Number  of  houses  inspected 75 

Number  of  houses  all  right 49 

Number  of  houses  wasting  water 26 

The  day  gang  reported  on  the  26  houses  as  follows  : 
17  houses  all  right. 
9  houses  plumbing  out  of  order  and  water  wasting. 

On  account  of  the  small  number  of  fixtures  reported  out  of  repair  by 
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the  regular  inspectors,  I  began  a  more  careful  system  of  inspection.    The 
following  report  will  show  the  result : 

NIGHT  INSPECTION,  FEBRUARY  22,  1884. 

Houses  inspected 191 

Houses  all  right 131 

Houses  wasting  water 60 

The  houses  above  were  inspected  on  reports  by  night  gang  and  re- 
ported all  right  oy  day  gang  previous  to  this  inspection  (Feb.  32)  ;  besides 
this,  there  had  bf.en  two  inspections  by  the  regular  day  inspectors  pre- 
vious to  the  first  night  inspection.  With  the  assistance  of  an  inspector,  I 
examined  the  CO  houses,  and  found  19  houses  with  jjlumbing  in  good 
order  and  no  waste  at  time  of  day  inspection,  10  houses  where  the  fix- 
tures were  in  good  order,  but  the  water  was  found  running  to  waste,  80 
houses  where  the  fixtures  were  out  of  repair  and  water  running  to  waste. 
The  key  was  used  during  the  day  inspection  to  ascertain  if  water  was 
running  through  the  stop-cock  after  all  of  the  fixtures  in  the  house  were 
closed.  It  took  a  very  careful  inspection  to  find  the  small  leaks.  In  one 
case,  after  going  over  the  house  twice  without  finding  the  cause  for  the 
flow  of  water  through  the  stop-cock,  I  discovered  the  leak  under  the 
floor  of  the  basement  water-closet.  The  closet  had  been  abandoned,  and 
the  small  room  in  which  it  was  situated  was  used  for  storing  fuel. 

NIGHT  INSPECTION,   FEBRUARY  25,    1884: 

Houses  inspect^-d 120 

Houses  all  right 81 

Houses  wasting  water 39 

The  day  inspection  showed  : 
14  housps  all  right. 

.5  houses  pluniliing  in  good  order,  water  wasting. 
20  houses  plumbing  out  of  repair  and  water  wasting. 

In  order  to  arrive  at  the  permanent  good  produced  by  inspection  to 
prevent  water  waste,  by  house-to  house  method  combined  with  the  night 
inspection,  I  selected  a  district,  and  found  that  out  of  a  total  of  118  houses 
inspected  during  the  night  59  houses  were  all  right  and  that  59  houses 
were  wasting  water.  Previous  to  this  inspection  all  of  the  houses  in  tliis 
district  had  been  inspected  twice  by  the  regular  day  men  and  twice  by 
the  night  gang,  followed  each  time  by  the  day  inspection  of  cases  reported 
for  wasting. 

In  all  cases  in  this  district  where  the  notice  to  repair  fixtures  or  stop 
waste  was  not  complied  with  (as  stated  in  the  beginning  of  this  account)* 
the  water  was  shut  off  at  the  box.  The  118  houses  were  selected  from 
those  reported  by  the  previous  night  inspections. 

The  following  table  shows  the  average  force  and  work  done  : 

Average  number  of  key  men  per  night 2 

'■        "  assistauts 6.7 

'               '■        "  houses  inspected  per  night 14"> 

"               "        "        '•       all  right 107 

■'              "        "       "       wasting  vvater ..  38 

The  amount  of  water  saved  and  general  results  accomplished  are  best 
shown  by  the  following  from  the  annual  report  of  Thos.  J.  Whitman, 
Water  Commissioner  : 

"  If  we  average  the  day  and  night  consumption  for  five  years  previous 
to  1884  and  compare  it  with  the  consumption  of  February  and  March  of 
1884,  we  certainly  will  arrive  at  the  minimum  benefit  that  this  inspec- 
tion has  accomplislied. 
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TABLE  SHOWING  AVERAGE   HOURLY  CON    UMPTION   IN    U.  S.  GALLONS  DURING  THE   MONTHS  OF 
FEBRUARY   AND   MARCH,    1879,  TO   1884,    INCLUSIVE. 


February 

March 

Av.  of  2  montbs. 


1879. 


Night. 


830,000 
730,000 
780,000 


Day. 


1,120,000 
1,105,000 
1,112,506 


)880. 


Night. 


680,000 
630,000 
655,000 


Day. 


970,000 
930,000 
950,000 


1881. 


Night. 


900,000 
870.000 
885,000 


Day. 


1,200,000 
1 ,260,000 
1,230,000 


1882. 

1883 

1884. 

Nigbt. 

Day. 

Night. 

Uay. 

Night. 

Day. 

February 

March 

Av.  Of  2  months. 

880.000 
830.000 
850,000 

1,180,000 
1,190,000 
1,185,000 

990,000 
820,000 
905,000 

1.210,000 
1,120,000 
1,165,000 

673,000 
525.000 
599,000 

940,000 
960,000 
950,000 

Note. --The  day  hours  are  considered  to  be  from  5  o'clocli  a.  m.  to  11  o'clock  p.  m., 
and  the  night  hours  from  11  o'clock  p.  si.  to  5  o'cloc  c  a.  m. 

"  The  average  nigbt  consumption  of  these  two  months  for  the  five 
years  from  1879  to  1333  was  817,000  gallons  per  hour.  For  the  same 
months  in  1884  the  average  night  consumption  was  599,000  gallons  per 
hour.  This  gives  a  saving  of  218.000  gallons  per  hour  on  the  night 
consumption. 

"The  average  consumptioa  for  the  day  hours  for  the  months  of  Feb- 
ruary and  March  of  the  years  1879  to  1883,  inclusive,  was  1,138,500 
gallons.  These  months  of  the  year  1884  the  consumption  was  950,000 
gallons.  This  is  a  saving  of  178,500  gallons  per  hour,  and  the  saving  on 
both  day  and  night  consumption  amounted  to  4,121,000  gallons  per 
twenty- four  hours. 

"  There  can  be  no  doubt  but  that  by  theemployment  of  these  inspectors 
a  large  waste  of  water  has  been  stopped.  I  doubt,  however,  if  as  good 
results  can  be  expected  to  follow  a  continuous  practice  of  this  system. 
Indeed,  I  am  more  than  ever  convinced  from  my  observations  of  the 
work  done  bj'  this  force,  that  the  only  permanent  and  economical 
method  of  controlling  the  delivery  of  water  to  consumers  for  other  than 
business  purposes  is  in  operating  under  some  law  similar  to  the  proposed 
ordinance  sent  to  the  Municipal  Assembly  by  the  Board  of  Public  Im- 
provements. 

Although  the  saving  of  water  was  considerable  by  this  system  of  inspec- 
tion, yet  during  the  two  months  that  I  had  charge  it  became  very  oner- 
ous to  the  water-takers.  I  was  bothered  by  a  great  many  groundless 
reports  against  my  inspectors,  representing  them  guilty  of  gross  miscon- 
duct, etc.,  etc.  Mr.  S.  F.  Burnet  and  myself  did  nearly  all  the  key  work, 
and  I  generally  found  several  reports  on  my  desk  during  the  day,  giving 
us  a  good  overhauling.  Some  persons  thought  to  defeat  the  inspection 
by  filling  the  stop-boxes  full  of  sand  ;  others  tried  old  shoes,  hard  coal 
well  rammed  down,  etc. 

I  regard  the  night  inspection  system  as  a  very  good  method  of  house- 
to-house  inspection,  as  it  puts  onlj^  tliose  who  are  found  running  water 
to  waste  at  night  to  the  inconvenience  of  a  day  inspection.  The  great 
drawback  is  that  a  icaste  of  water  cannot  be  proven  unless  found  by  a 
day  gang  of  inspectors  employed  to  follow  up  the  night  men,  all  sorts  of 
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excuses  being  oflFered  to  account  for  the  flow  of  water  through  the  stop- 
cock during  the  night  hours. 

Tlie  vital  point  of  any  method  of  house-to-house  inspection  is  that  the 
inspection  can  only  be  made  efficient  by  keeping  a  very  expensive  force 
of  inspectors,  and  they  must  be  backed  up  by  complete  legislation.  That 
the  benefits  of  the  inspection  are  only  temporary  is,  I  think,  fully  shown 
by  the  detail  reports  given. 


WHAT  CIVILIZATION   OWES  THE    ARCHITECT  AND  CIVIL 

ENGINEER. 


By  George  R.  Bramhall,  Member  of  the  Western  Society  of  Engineers. 
[Read  December  16,  1884.] 


Of  aU  the  skilled  professions,  it  is  safe  to  assert  that  those  of  the  archi- 
tect and  civil  engineer  stand  in  the  front  rank  among  civilized  nations  ; 
not  only  for  the  wealth,  convenience  and  comfort  they  have  contributed 
to  society,  but  as  the  representatives  of  the  grandest  conceptions,  the 
boldest  achievements,  that  have  been  bequeathed  either  the  Old  or  the 
New  World. 

And  these  achievements  are  of  a  character  well  calculated  to  excite  in 
the  mind  of  every  intelligent  being  the  highest  degree  of  wonder  and 
amazement. 

While  statesmen  and  jurists  have  framed  wise  and  humane  laws  ;  the 
military  defended  them,  maintained  right,  and  put  down  rebellion  ; 
astronomers  and  mathematicians  measured  planets,  given  the  move- 
ments of  worlds  and  laws  of  navigation  ;  theologians  instructed  in  relig- 
ion ;  musicians,  poets  and  painters  entertained  and  delighted  multitudes 
by  their  powers  of  melody,  pictures  and  song  ;  physicians  showed  the 
laws  of  health  and  aided  longevity  ;  chemists  explained  the  laws  of  com- 
bination and  reaction,  the  mode  of  composition  and  process  of  decay  ; 
none  have  left  such  stupendous  and  striking  demonstrations  of  wealth, 
genius  and  grandeur  as  the  architect  and  the  civil  engineer. 

Denon,  the  great  French  traveler  and  architect,  well  says,  in  speaking 
of  the  ancient  Assyrian  and  Egyptian  architecture,  that  it  appears  like  a 
dreann  or  the  work  of  giants  ;  and  he  fancied  he  saw  on  every  stone  the 
words  "posterity  and  eternity."  Should  a  peasant,  he  says,  be  drawn 
out  from  his  mud  cottage  and  placed  before  such  edifices,  would  he  not 
believe  there  existed  a  wide  difference  between  himself  and  beings  able 
to  construct  them  ?  And,  without  any  idea  of  architecture,  would  he 
not  say.  "  This  is  the  work  of  a  god  ;  a  man  would  not  dare  to  do  it,  nor 
inhabit  it." 

War  and  defense,  coupled  with  that  quality  of  man's  nature  which 
constitutes  the  principle  of  sociality  and  love  of  home  that  has  been 
implanted  in  the  heart  of  every  race  and  type  of  the  animal  man,  and  is 
found  to  exist  even  in  the  lower  animals  and  insects,  indicate  the  primal 
necessity  for  the  architect  and  engineer. 

Man's  love  for  his  offspring,  family  and  social  relations  called  for 
shelter,  and  as  he  gi'ew  in  intelUgence  the  necessity  forced  itself  ujjon 
his  mind  of  providing  a  permanent  place  of  abode  and  protection,  not 
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only  against  the  inclemencies  of  the  seasons,  but  also  against  his  own 
race  and  his  more  natural  enemies,  wild  beasts. 

If  man  is  the  resultant  of  the  forces  of  nature,  by  a  long  process  of 
evolution  (which  is  highly  improbable),  he  had  his  first  instruction  in  the 
art  of  building  from  the  bee,  ant,  beaver,  otter,  musk-rat  and  other 
animals. 

This  is  not  an  unreasonable  or  unnatural  conclusion,  since  he  is  first 
found  dwelling  in  caves,  hollow  trees,  tents  and  mud  huts,  which  show 
no  greater  evidences  of  sKill  in  their  construction  and  arrangement  for 
protection,  comfort  and  convenience  than  those  of  the  animals. 

But  these  builders  have  made  no  progress  in  their  mode  of  life,  and  we 
are  forced  to  leave  them  in  the  same  habitations  they  were  found  in  five 
thousand  years  ago. 

There  seems  to  be  conclusive  evidence  that  man,  although  none  the  less 
an  animal,  was  endowed  by  the  Creator,  at  the  beginning,  with  all  the 
powers  and  faculties  of  reasoning  we  find  him  possessing  to-day. 

He  has  been  traced,  step  by  step,  from  the  cave,  tent,  mud  hut,  log 
hut,  and  house  of  hewn  logs,  to  the  temples,  churches  and  cathedrals 
which  adorn  Europe  and  Asia,  and  the  magnificent  public  buildings, 
legislative  halls,  palatial  mansions,  beautiful  villas  and  elegant  homes 
of  a  free  people,  scattered  all  over  these  United  States  of  North  America, 
our  own  cherished  land  of  progress. 

The  magnitude  of  the  subject  permits  only  a  cursory  view  of  the  most 
notable  ancient  and  modern  achievements. 

Those  in  the  Old  World  conimanding  the  greatest  attention  are  the 
temples,  cathedrals,  churches  and  aqueducts,  and  the  reclamation  of 
the  Netherlands,  better  known  as  Holland. 

There  appears  to  have  been  a  long  period  after  the  animal  man 
emerged  from  his  caves,  huts  of  mud  and  dwellings  on  piles  (of  which 
evidences  are  found  in  the  lakes  of  Switzerland),  before  he  is  found  in 
villages  and  cities,  and  very  little  is  known  of  his  progress  in  archi- 
tecture. 

The  first  account,  af  cer  this  long  lapse  of  time,  seems  to  be  of  the 
building  of  the  Tower  of  Babel,  in  which,  it  is  claimed,  that  miraculous 
event,  the  confusion  of  tongues,  occurred  ;  and  the  fabulous  mention  of 
the  city  of  Babylon. 

Some  Eastern  writers  give  the  height  of  the  Tower  as  twelve  miles, 
while  St.  Jerome  more  moderately  asserts  it  was  only  four.  The  geog- 
rapher Strabo,  who  may  be  relied  on.  says  it  was  six  hundred  and  fifty 
feet,  which  is  more  in  accordance  with  our  modern  ideas  and  reason. 

It  is  supposed  that  the  city  of  Babylon  and  the  Temple  of  Bel  us  after- 
ward occupied  this  same  site.  For  a  long  period  the  whole  history  of 
this  marvelous  city  is  enshrouded  in  such  a  cloud  of  mysticism  that  it  is 
exceedingly  difiicult  for  travelers  or  writers  to  determine  anything  reli- 
able concerning  it.  It  was  founded  2,000  years  B.  C,  and  rebuilt  1,200 
before  the  Christian  Era. 

Nineveh,  the  splendid  capital  of  the  Assyrian  Empire,  was  sixty  miles 
in  circuit,  and  suiTounded  by  high  walls. 

The  accounts  of  the  few  travelers  who  long  ago  visited  Asia  and  Africa 
were  ridiculed  and  treated  as  extravagant  fictions  ;  but  during  the  last 


876  ASSOCIA.TION  OF  ENGINEERING  SOCIETIES. 

century,  and  especially  since  the  commencement  of  the  present,  the 
investigations  of  scientific  men  have  verified  these  seemingly  incredible 
narratives.  Stupendous  edifices  remain  to  demonstrate  the  truth  of 
these  wonderful  stories,  while  structures  of  surpassing  magnificence 
astonish  the  traveler  in  Egypt,  Hindostan  and  Persia.  When  or  by 
Tvhom  these  everlasting  monuments  of  man's  might  were  erected,  the 
present  inhabitants  know  not.  Their  antiquity  dates  back  to  a  period 
shrouded  in  dark  uncertainty,  upon  which  authentic  history  throws  no 
light.  They  are  themselves  the  only,  the  mysterious,  the  indestructible 
records. 

It  is  impossible  to  determine  with  certainty  which  of  these  three  coun- 
tries first  brought  architecture  to  the  degree  of  excellence  which  these 
remains  exhibit.  Sir  AVilliam  Jones  and  other  Orientalists  contend  for 
the  superior  antiquity  of  Hindostan,  and  assert  that  the  East  was  not 
only  the  birthplace  of  art  and  science,  but  that  they  were  there  nurtured 
till  they  grew  to  manhood.  While  this  may  be  true,  there  is  also  strong 
testimony  on  the  side  of  Egypt.  Here,  it  is  supposed  by  some  antiquaries, 
inventive  genius  in  architecture  arose,  and  thence  spread  ihrough 
the  civilized  regions  of  the  earth.  Others  trace  it  farther  down  the  Nile, 
and  consider  Ethiopia  the  land  from  which  light  emanated. 

The  trareler  in  Egypt  is  filled  with  wonder  and  admiration  at  the 
number,  size  and  magnificence  of  the  structures  still  standing  upon  the 
banks  of  the  mysterious  Nile.  They  are  of  three  distinct  orders  :  pyra- 
mids, excavations  and  temples. 

The  famous  pyramids,  forty  or  more  in  number,  of  different  sizes  and 
of  various  materials,  are  scattered  over  a  plain  extending  from  Cairo 
about  fifty  miles  along  the  Nile.  Cheops,  said  to  be  five  hundred  feet  high, 
is  the  largesc  structure  in  the  world,  or,  in  other  words,  the  greatest  mass 
of  materials  men  have  ever  placed  together  to  form  a  single  building.  A 
distinguished  countryman  says."  the  oldest  pyramid  is  yet  the  most  per- 
fect work  of  art,  though  it  lias  stood  more  than  three  thousand  years." 

The  temples,  scattered  in  rich  profusion  on  both  sides  of  the  Nile  as  far 
as  the  cataracts,  are  so  numerous  and  interesting  that  it  is  exceedingly 
difficult  to  know  which  to  select  for  description.  The  splendid  work 
prepared  by  the  savants  who  accompanied  Napoleon's  expedition  gives  a 
perfect  representation  of  these  wonderful  remains  of  Egyptian  archi- 
tecture. 

Hundred-gated  Thebes,  spreading  her  solemn  ruins  on  both  sides  of  the 
river,  shows  the  oldest  specimens  of  true  Egyqjtian  art.  Prof essor  Heeren 
attempts  to  prove  that  Luxor,  one  of  these  old  edifices,  was  a  palace  or 
building  for  civil  purposes,  though  the  general  plan  resembles  a  temple. 
He  gives,  among  other  circumstances,  evidence  to  the  effect  that  the 
occupations  and  scenes  of  daily  life  are  depicted  upon  the  walls  of  some 
apartments. 

Among  these  mighty  ruins  must  be  mentioned  the  obelisks  or  mono- 
liths. The  sacred  figures  a  ad  hieroglyphic  characters,  beautifully  cut 
in  the  hard  granite,  have  the  sharj)  finish  of  j^esterday.  The  very  stone 
looks  not  discolored. 

Although  the  temples  and  other  edifices  of  the  Egyptians  were  painted 
with  rich,  bright  colors,  the  character   of   their   architecture  was  grave 
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and  sublime.  "  No  people,"  says  Champollion,  "  either  ancient  or 
modern,  ever  conceived  the  arts  of  architecture  and  sculpture  on  so 
sublime  a  scale  as  the  ancient  Egyptians.  Their  conceptions  were  those 
of  men  a  hundred  feet  high."' 

The  straight  lines  and  angles,  unbroken  by  a  single  curve,  give  to  the 
outlines  of  their  structures  a  heavy,  massive  appearance,  and  while  there 
is  a  general  resemblance  in  the  plan  of  their  edifices,  there  is  infinite 
variety  in  detail. 

They  must  have  been  a  very  numerous  people  and  under  severe  des- 
potism. Whether  the  despotism  that  could  command  such  immense 
power  was  that  of  a  cunning  priesthood,  or  a  long  line  of  ambitious 
monarchs,  is  uncertain.  Probably  the  former,  as  most  of  the  remains 
are  temjjles  dedicated  to  the  worship  of  their  deitie:.  It  is  said  that  the 
wily  priests  exacted  the  hard  earnings  and  ceaseless  toil  of  millions  to 
support  an  absurd,  a  monstrous  system  of  idolatry.  To  keep  the  people 
in  awe  and  maintain  their  blind  adoration,  the  tetnples  of  their  idols 
must  be  imposing  and  magnificent.  Thus  what  was  at  first  a  useful  art, 
became  the  most  expensive  and,  considering  the  objects  to  which  it  was 
devoted,  the  most  useless. 

Yet,  to  the  historian  and  architect,  these  grand  remains  are  not  useless, 
for  they  contain  the  chiseled  recoi'd  of  the  manners,  customs,  arts, 
sciences,  literature  and  religion  of  a  portion  of  the  human  race  which 
would  otherwise  have  been  buried  in  oblivion. 

The  ancient  edi6ces  of  Hindostan  resemble  those  of  Egypt  in  form  and 
general  character,  yet  are  sufficiently  marked  to  produce  a  peculiar  style. 
The  stupendous  and  magnificent  temples  of  the  Hindoos,  many  of  which 
were  hewn  out  of  perpendicular  rocks,  must  have  been  constructed 
downward  till  the  tt-mple  was  finished,  where  the  foundations  remain 
immovably  fixed — a  part  of  the  primitive  rock. 

•'  The  first  view  of  the  desolate  religious  city  of  Ellora,"  remarks  Mr. 
Erskine.  "is  grand  and  striking,  but  n^elancholy." 

The  number  and  ma&nificence  of  the  subterranean  temples,  the  end- 
less diversity  of  sculpture,  the  highly  wrought  pillars,  r;ch  mythological 
designs,  sacred  shrines  and  colossal  statues,  astonish  but  distract  the 
aund.  No  trace,  he  says,  remains  to  tell  us  the  hand  by  which  they  were 
designed,  or  the  powei-ful  nation  by  which  they  were  completed.  The 
empire,  whose  pride  they  must  have  been,  has  pa  sed  away  and  left  no 
memorial  behind. 

The  beautiful  ruins  of  Persepolis,  probably  the  summer  palace  of  a 
monarch,  which  Alexander  partly  destroyed,  at  ord  a  fine  specimen  of 
ancient  Persian  a  chitectuie.  Le  Brun,  who  spent  three  months  in  ex- 
ploring them,  conjectures  that  Darius  and  Xerxes  were  the  builders. 
Others  think  Persepolis  was  built  by  Egyptian  architects.  That  there 
was  communication  of  architectural  knowledge  between  the  three  coun- 
tries possessing  the  most  magnificent  specimens  of  art,  cannot  be  doubted. 
The  Jews,  or  Israelites,  appear  not  to  have  gained  much  celebrity  as 
architects,  if  the  representations  of  King  Solomon's  temple  we  so  often 
see  are  truthful.  A  seeming  want  in  design  has  been  concealed  by  every- 
thing costly  and  dazzling  in  decoration.  In  addition  to  this,  it  is  said 
that  when  Solomon  was  about  to  build  the  structure,  the  workmen  of 
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his  own  kingdom  were  not  sufficient  for  the  task,  and  those  of  other 
nations  were  employed. 

In  China  the  earliest  attempts  in  architecture  and  building  were  close 
imitations  of  tents,  and  to  this  day  there  has  been  no  departure  from 
the  original  design.  The  discovery  of  ruins  in  Central  America,  immense 
in  extent  and  perfectly  anomalous  in  style,  excited  throughout  Europe 
and  our  own  country  the  most  extravagant  expectations.  Scientific  men 
looked  for  revelations  of  a  race  older  than  the  Assyrians  or  Babylonians, 
but  there  are  not  sufficient  grounds  for  belief  in  the  great  antiquity 
ascribed  to  them.  In  Greece,  the  land  of  the  sage  and  philosopher,  archi- 
tecture reached  its  sublimest  height.  It  is  claimed  by  some  to  be  the 
base  of  all  the  arts,  and  the  one  which  first  announces  a  degree  of  civili- 
zation, taste  and  intelligence  in  a  nation.  Grecian  architecture  bears 
sufficient  resemblance  to  the  best  specimens  of  the  Egyptian  to  demon- 
strate that  they  had  studied  and  improved  upon  that,  and  in  their  temples 
and  public  buildings  their  genius  and  art  excelled  that  of  all  other 
nations.  One  of  the  most  magnificent  temples  at  Athens,  dedicated  to 
Jupiter  Olympus,  was  built  of  the  purest  white  marble.  Art,  in  the 
zenith  of  her  glory,  could  present  no  prouder  shrine.  Vitruvius  says  : 
"  This  structure  is  not  spoken  of  with  common  praise.  The  excellency 
and  sagacious  contrivance  have  been  approved  in  the  assembly  of  the 
gods," 

Among  the  Komans,  the  first  efforts  of  architectural  skill  were  em- 
ployed upon  walls  of  defense.  The  unadorned  works,  constructed  dur- 
ing the  early  ages,  were  remarkable  for  solidity.  They  were  built  of 
large  blocks  of  stone  in  the  most  substantial  manner,  thus  proving  the 
early  ambition  which  projected,  from  its  very  infancy,  ihe  Eternal  City, 
the  capital  of  the  world.  It  is  said  little  can  be  grant«-d  the  Romans  as 
inventors,  either  in  religion  or  architecture.  They  were  simply  imita- 
tors of  the  Greeks.  Some  claim  the  arch  is  a  Roman  invention,  but 
arches  have  been  discovered  in  rums  older  than  Rome  itself.  Splendid 
remains  testify  how  successfully  they  employed  principles  acquired  from 
the  Greeks,  'these  remains  are  public  roads,  aqueducts  temples, 
theatres,  tombs,  historical  monuments  and  forums.  The  Pantheon, 
their  most  celebrated  temple,  was  completed  twenty-seven  years  B.  C. 
It  was  allowed  to  remain  by  the  Catholics,  who  gloried  in  its  conversion 
to  Christianity.  Among  churches,  St.  Peter's  surpasses  any,  ancient  or 
modern.  Three  centuries  and  a  half  this  cathedral  was  building,  while 
the  cost  is  estimated  at  |49,738,000.  The  base  of  the  dome  is  300  feet 
above  the  surface  of  the  ground,  and  rises  with  its  lantern  and 
cross  300  feet  higiier.  This  is  the  wonderful  cupola  planned 
by  Michael  Angelo,  one  of  the  boldest  attempts  of  architectural  skill. 
Considering  the  number  of  pontiffs  who  ordered,  and  architects  who 
planned,  it  is  certainly  wonderful  that  the  proportions  were  kept  invio- 
late, even  to  the  most  minute  ornament.  Michael  Angelo  left  it  an 
unfinished  monument  of  his  gigantic  power,  and  his  towering  genius 
seemed  to  watch  over  his  successors  until  its  completion.  Nothing  ever 
surpassed,  in  efft;ct,  the  interior  of  this  church  ^f  hen  illuminated  at  Easter 
by  a  cross  of  lamps  suspended  from  the  centre  of  the  dome.  All  trav- 
elers dwell  with  enthusiasm  upon  the  glory  of  this  scene.     Second  ia 
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magnitude  and  .grandeur  is  St.  Paul's,  of  London,  whose  first  stone  was 
laid  in  16T5.  Completed  in  1710,  it  was  commenced  and  finished  by  the 
same  architect.  Sir  Christopher  Wren.  The  Grecian  orders  <f  architec- 
ture are  largely  mingled  in  both  churches.  Numerous  magnificent 
churches  of  great  size,  built  from  the  seventh  to  the  tenth  century  and 
later,  are  scattered  over  Europe;  St.  Sofia,  of  Constantinople;  Peterbor- 
ough Cathedral,  of  England,  erected  by  the  Normans;  Rochester  Cathe- 
dral during  William  the  Conqueror's  reign,  and  many  others.  Many 
bishops  of  this  period  are  known  to  have  been  skillful  architects. 

The  round  towers  scattered  over  Ireland  are  hobbies  among  writers. 
Peter  Walsh,  in  1664,  says  they  were  never  known  before  the  eighth 
century,  and  were  built  by  the  heathen  Danes  as  watch  towers.  When 
the  Danes  were  driven  from  the  country,  the  Christian  Irish  used  them 
as  steeple-houses  or  belfries.  These  towers,  nearly  a  hundred  in  number, 
are  from  50  to  140  feet  high. 

A  number  of  churches  on  the  Rhine  were  constructed  in  the  eighth 
century,  and  at  Lorsch  a  building  still  exists  which  was  part  of  a  church 
consecrated  in  the  presence  of  Charlemagne,  in  774. 

During  the  12th  century,  Gothic  architecture  made  its  appearance,  and. 
was  the  prevailing  style  in  churches  through  the  greater  part  of  Europe. 
Whatever  its  primitive  elements,  it  was  created  in  Northern  Europe  and 
was  adapted,  to  the  wants  of  a  more  inclement  sky.  If  the  origins  of  the 
Gothic  style  were  various,  no  less  so  are  the  opinion's  as  to  the  nation  to 
which  the  invention  belongs.  It  has  been  ascribed  to  the  Hindoos, 
Egyptians,  Hebrews,  Romans,  Greeks,  Saracens,  French,  English,  Ger- 
mans, Italians,  Spaniards  and  Scotch. 

The  crusades  in  the  12th  century  drew  the  flower  of  European  chivalry 
to  the  East,  and  vast  numbers  of  ecclesiastics  accompanied  them.  Since 
they  were  the  repositories  of  art  and  science  during  that  age,  it  is  more 
than  probable  they  brought  home  many  novel  inventions  in  architecture. 
There  was  also,  at  this  period,  a  corporation  of  builders  or  free  masons 
consisting  of  Greeks,  Italians,  French,  Germans  and  Flemish,  who  kept 
secret  the  principles  of  their  art,  and  traveled  from  place  to  place  for  the 
purpose  of  building  ecclesiastical  edifices.  T'ney  had  undoubtedly  seen  the 
finest  specimens  in  the  East  and  would  introduce  whatever  was  suitable 
for  Northern  buildings,  especially  in  ornamental  parts.  Some  of  the 
best  Gothic  architecture  is  found  in  England,  Germany  and  France. 
Westminster  Abbey  has  been  called  by  an  English  divine  "the  miracle 
of  the  world." 

Cologne  Cathedral  is  admired  by  many,  as  the  finest  specimen  of  the 
Gothic  in  Europe.  The  richness  of  its  decoration  can  scarcely  be  imag- 
ined. 

Rheims  boasts  the  most  celebrated  cathedral  in  France,  on  account  of 
its  Mstorical  associations,  immense  size  and  a  itiquity.  The  kings  of 
France  were  crowned  in  this  church,  which  was  founded  more  than  a 
thousand  years  ago.  Here  it  was  that  the  unfortunate  heroine,  Joan  of 
Arc,  placed  the  crown  upon  the  head  of  the  ungrateful  Charles.  Some 
critics,  however,  consider  Amiens  Cathedral  the  perfection  of  Gothic 
architecture. 
The  Spanish  cathedrals,  though  surpassingly  rich,  lack  the  grandeur  of 
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those  iu  Northern  countries.  Batalha,  the  glory  of  Portugal,  was  founded 
in  1385.  The  cathedral  at  Milan,  a  mountain  of  sculpture,  has  excited 
much  admiration. 

A  popular  traveler  from  our  own  country  considers  the  famous  Kremlin 
at, Moscow  one  of  the  most  extraordinary  and  beautiful  objects  ever 
beheld.     It  is  two  miles  in  extent,  and  is  in  itself  a  city. 

Aside  from  temples  and  churches,  there  are  multitudes  of  palaces  and 
public  buildings  which  attest  the  skill  and  genius  of  the  architect. 

And  it  will  not  be  amiss  to  mention  some  of  the  noted  buildings  of 
our  own  country .  Among  these  are  the  Capitol.  President's  House, 
Patent  Office.  General  Post  Office  and  Treasury  Building  at  Washington  : 
Girard  College.  United  States  Mint.  United  States  Bank,  Masonic  Temple 
and  City  Hall,  at  Philadelphia  ;  State  House.  King's  Chapel  and  the 
Masonic  Temple  at  Boston  :  Harvard  College  ;  Bunker  Hill  Monument  ; 
St.  Paul's.  Trinity.  Grace  Church.  St.  Patrick's  Catliedral.  Hall  of  Justice, 
in  the  Egyptian  style.  Merchants'  Exchange.  Herald  BuiMing.  City  Hall. 
Park  Bank  and  Equitable  Life  Assurance  Building  at  New  York  :  the  State 
House  at  Albany  ;  the  Washington  Monument  ;  the  Catholic  Cathedral 
and  Merchants'  Exchange  of  Baltimore  ;  and  the  Custoni-House,  St. 
Charles  Hotel,  and  Theatre  of  New  Orleans.  These,  with  the  capitols  of 
the  different  States  and  the  public  buildings  of  the  Northern  and  West- 
ern cities,  will  compare  favorably,  and  are  not  surpassed,  by  struc- 
ture>  of  like  charai-ter  in  Europe.  They  are  lasting  monuments  to 
architects  of  the  Old  as  well  as  the  New  World.  While  some  claim 
that  architectixre  is  the  base  of  all  the  arts,  it  is  unquestionably  of 
civil  engineering.  This  profession,  though  considered  new  by  learned 
writers,  was  practiced  among  the  Greeks  six  or  seven  hundred  years 
before  the  birth  of  Christ,  as  is  shown  by  their  canals,  channels  and 
aqueducts  for  the  conveyance  of  water.  These  were  commonly  struct- 
ures of  masonry  to  conduct  water  across  a  valley  at  a  high  level.  Works 
of  this  kind  are  more  properly  called  aqueduct  V)ridges.  It  is  necessary 
to  bear  this  description  in  mind  when  dealing  with  the  undertakings  of 
the  Greeks  and  Romans,  for.  since  the  former  rarely  if  ever  constnicted 
aqueduct  bridges  it  has  been  usual  to  institute  very  unfavorable  com- 
parisons between  them  and  the  Romans,  who,  with  imperial  disdain  of 
obstacles,  furnished  the  cities  of  their  immense  empire  with  a  series  of 
constructions  of  this  kind  which  even  in  their  ruins  excite  astonish 
ment.  True  to  the  difference  in  national  genius,  the  Greeks  followed 
nature,  and  seeing  the  water  collected  in  hills,  passing  for  miles 
along  subterranean  courses,  then  issuing  in  cool  fountains  at  the 
coast,  adapted  their  system  of  conduits  to  the  physical  for- 
mation of  the  district  :  cutting  tunnels  and  canals  rather  than  bridging 
valleys,  and.  as  a  consequence,  no  conspicuous  monument  of  their  system 
remains.  Although  they  accomplished  so  Uttle  that  Strabo  is  justified  in 
charging  them  with  neglect,  in  comparison  with  the  Romans,  yet  it  is 
clear  from  the  records  that  in  this,  as  in  other  respects,  they  were  the 
instructors  of  the  Romans.  The  first  Grecian  aqueducts  were  con- 
structed 625  years  before  Christ,  and  aqueducts.  reserv.)irs  and  tunnels 
were  common  in  Athens  560  years  before  the  Christian  era.  some  of 
which  supply  the  city  to  this  day.  and  are  described  as  marvels  of  enter- 


CIVILIZATION  AND  THE  ARCHITECT  AND  CIVIL  ENGINEER.    381 

prise  and  skill.  They  are  built  of  stone,  some  having  pipes  of  baked  clay 
within.  The  system  of  conduiis  in  Syracuse,  which  the  Athenians  partly 
destroyed,  still  supplies  the  town  with  an  abundance  of  drinkable  water, 
and  the  point  at  which  the  tunnel  passes  under  the  sea  to  the  Island  of 
Ortygia,  presents  what  is  regarded  as  a  remarkable  achievement  for  early 
times. 

At  Tusculum  is  an  example  of  early  Italian  constructions  for  the  con- 
veyance of  water.  An  oblong  basin  is  divided  into  channels  which 
receive  the  water  of  a  spring  and  distribute  it  by  pipes.  The  basin  is 
built  of  blocks  of  stone  overlapping  along  the  sides  until  they  meet  and 
form  a  roof — a  principle  afterwards  supplanted  by  vaulting,  and  occur- 
ring in  the  earliest  Greek  masonry.  If,  to  obtain  a  proper  incline,  the 
water-course  had  to  be  carried  above  ground,  it  was  supported  on  a  stone 
wall,  and  the  conduit  built  of  blocks  of  stone  coated  with  stucco  imper- 
vious to  water. 

Since  a  solid  wall  across  a  valley  would  cut  off  traffic,  it  was  necessary 
to  break  it,  by  means  of  arches,  into  a  series  of  pillars,  and  with  this 
commenced  the  system  of  aqueduct  bridges,  which  is  the  most  striking 
monument  of  the  Roman  Empire. 

Perhaps  the  best-known  instance  of  this  double  purpose,  an  archway 
for  traffic  over  which  water  can  be  conveyed,  is  Porta  Maggiore,  at 
Rome.  The  waters,  taken  over  it  in  two  separate  channels,  are  Aqua 
Claudia  and  Anio  Novus.  From  three  inscriptions  above  the  arches,  it 
appears  that  the  Emperor  Claudius  constructed  the  Aqua  Claudia  aque- 
duct from  the  springs  Cacrutus  and  Curtius,  forty-five  miles  from  Rome  ; 
and  the  Anio  Novus,  from  the  sixty-second  milestone  from  Rome  ;  and 
that  Vespasian  and  Titus  restored  them.  Both  aqueducts  were  com- 
menced by  Caligula  thirty-eight  years  after  the  Christian  era,  and  fin. 
ished  by  Claudius  ten  years  later.  The  length  was  sixty-two  miles.  Six 
miles  from  Rome  the  Anio  Novus  approached  the  Aqua  Claudia,  and 
from  that  point  the  waters  traveled  to  the  city  in  two  channels,  one 
above  the  other,  supported  by  a  chain  of  arches  which  at  one  place 
reached  the  height  of  109  feet. 

The  Pont  du  Gard,  as  the  aqueduct  at  Nismes  is  called,  consists  of  three 
rows  of  arches  striding  across  the  valley  of  the  Gardon.  In  the  lowest 
row  are  six  arches,  one  having  a  span  of  75  feet  and  the  others  60  feet 
each.  In  the  second  row  are  twelve  arches,  each  with  a  span  of  75  feet, 
while  in  the  third  are  36  smaller  arches,  and  immediately  above  is  the 
water-course.  As  a  bridge,  the  Pont  du  Gard  has  no  rival  for  lightness 
and  boldness  of  design  among  Roman  remains. 

Twelve  more  aqueducts  at  Rome,  besides  those  already  mentioned, 
assist  in  the  supply  of  water.  A  system  of  regular  reservoirs  along  the 
course  of  the  aqueducts,  enabled  repairs  to  be  made  at  any  point,  and 
also  let  off  water  for  the  district  they  passed.  A  singular  law  decreed 
that  material  for  repairs  should  be  supplied  from  the  private  property 
nearest  the  damage;  and  what  is  still  more  strange,  it  was  to  be  con- 
veyed at  the  expense  of  the  owner  of  the  property.  Public  spirit  or  duty 
was  at  a  high  standard  in  those  days;  hardly  as  much  could  now  be  ex- 
pected for  the  common  weal. 

Among  aqueducts  outside  of  Italy  constructed   by  the   Romans,  and 
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still  existing,  the  most  remarkable,  aside  from  the  Pont  du  Gard,  are  those 
at  Segovia  and  Tarragona  in  Spain.  The  former  is  3,400  feet  long,  with 
159  arches  of  greatly  admired  masonry  in  two  tiers,  reaching  a  height  of 
102  feet  ;  and  the  latter  876  feet  long  and  83  feet  high.  At  Mayence  are  the 
remains  of  an  aqueduct  16,000  feet  long,  carried  on  from  500  to  600  pillars. 
Similar  witnesses  of  Roman  occupation  can  be  seen  in  Africa  and  Greece. 
The  aqueduct  at  Metz,  which  originally  extended  across  the  Moselle,  here 
very  broad,  conveyed  from  Gorsa  an  abundance  of  excellent  water.  From 
a  large  reservoir  at  the  source  of  the  aqaeduct,  the  water  passed  along 
BubteiTanean  channels,  built  of  hewn  stone,  sufficiently  spacious  for 
a  man  to  walk  upright  in.  Similar  channels  received  the  water  six  miles 
from  Metz,  and  conveyed  it  to  the  city.  The  bridge  had  only  one  row  of 
arches,  and  the  middle  ones  have  given  way,  while  the  others  are  still  per- 
fectly sound.  One  of  the  principal  bridges  of  the  Antioch  aqueducts  is  700 
feet  long  and  at  one  point  200  feet  high.  The  lower  part  consists  almost 
entirely  of  solid  wall  ;  and  the  upper,  of  a  series  of  arches  with  massive 
pillars.  Both  masonry  a^^d  design  are  very  rude.  The  water  was  drawn 
from  several  springs  four  or  five  miles  from  Antioch,  and  conducted  by 
channels  of  hewn  stone  into  a  main  channel  of  similar  construction,  and 
was  carried  across  streams  and  valleys  by  means  of  arches.  Many  of 
these  old  remains  now  serve  as  highway  bridges,  notably  that  near 
Spoleto.  It  has  ten  arches,  remarkable  for  elegance  of  design  and  airy 
lightness  of  proportion,  each  over  66  feet  span  and  about  300  feet  in 
height.  The  one  at  Pyrgos,  now  supplying  Constantinople,  called  the 
crooked  aqueduct,  is  composed  of  three  rows  of  arches,  is  670  feet  long 
and  106  feet  in  the  deepest  part.  It  conveys  the  waters  of  the  valley  of 
Belgrade,  one  of  the  principal  sources  of  supply.  The  other  is  the  high 
ground  west  of  the  town,  from  which  the  water  is  conducted  by  similar 
conduits.  The  supply  from  all  sources  is  400,000  cubic  feet  per  day. 
Egypt  and  Babylonia  presented  a  different  system  of  water  supply. 
Since  both  countries  were  flat  and  traversed  by  great  rivers,  by  which 
they  were  regularly  inundated,  canals  with  large  basins  took  the  place 
of  aqueducts.  The  stupendous  scale  on  which  in  Egypt  the  waters  of 
the  Nile,  and  in  Babylonia  those  of  the  Tigris  and  Euphrates,  were  utilized, 
was  a  marvel  to  ancient  travelers. 

The  most  remarkable  aqueducts  in  France  are  those  built  in  the  reign 
of  liOuis  XIV.,  for  conducting  water  from  Marly  to  Versailles.  The 
famous  aqueduct  bridge  of  Maintenon,  for  conveying  the  water  of  the 
Eure  to  Versailles,  is  without  doubt,  in  magnitude  and  height,  the  most 
magnificent  in  the  world.  It  is  4,400  feet  in  length,  upward  of  200  feet 
high,  and  contains  242  arcades,  each  divided  into  three  rows,  forming  in 
all  726  arches  about  50  feet  span.  The  great  works  which  supply  Mar- 
seilles with  the  water  of  the  Durance  by  a  canal  60  miles  in  length,  are 
among  the  boldest  undertakings  of  modern  times.  This  canal,  com- 
pleted in  1847,  is  conveyed  through  three  chains  of  limestone  mountains 
by  45  tunnels,  formmg  an  aggregate  length  of  8^  miles,  and  across 
numerous  valleys  by  aqueducts,  the  largest,  Roquefavor,  surpassing  in 
size  the  famous  Pont  du  Gard.  This  immense  volume  of  water,  which 
passes  at  the  rate  of  198,000  cubic  feet  per  minute,  is  carried  across  val- 
leys by  a  channel  of  mason  work,  as  in  the  old  Roman  aqueducts. 
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In  British  India,  where  the  fall  of  rain  is  scanty  and  uncertain,  artificial 
irrigation  is  resorted  to.  The  Ganges  canal,  traversing  the  Northwestern 
Provinces  of  Bengal,  distributes  over  this  vast  area  nearly  the  whole 
volume  of  the  Ganges.  It  begins  where  the  river  issues  from  the  moun- 
tains, and  20  miles  from  its  source  crosses  the  valley  of  the  Solani  River; 
where  the  works  for  effecting  the  transit  are  designed  on  a  scale  of  great 
magnitude. 

Across  the  valley  is  an  earthen  embankment,  raised  on  an  average 
17  feet.  It  has  a  width  of  350  feet  at  the  base,  and  290  in  the  upper 
part.  This  forms  the  bed  of  the  canal  and  is  protected  by  banks  12  feet 
in  depth  and  30  feet  wide  at  the  top.  To  preserve  the  banks  from  the 
action  of  the  water,  lines  of  masonry,  formed  into  steps,  extend  on  each 
side  the  entire  length. 

The  river  is  crossed  by  an  aqueduct  920  feet  long,  having  side  walls  8 
feet  thick  and  12  deep.  In  grandeur  of  design,  solidity  and  utility,  it 
challenges  competition. 

Croton  Aqueduct,  which  supplies  New  York  with  water,  is  the  only 
great  work  of  this  character  in  our  country.  At  the  time  of  its  construc- 
tion, it  was  justly  regarded  as  one  of  the  most  magnificent  works  of 
modern  times.  Its  length  is  38|r  miles,  and  it  is  capable  of  discharging 
60  million  gallons  per  day.  It  is  carried  over  the  Harlem  Valley  in  iron 
pipes  laid  upon  a  magnificent  bridge  1,460  feet  long,  constructed  of 
arches  114  feet  above  high  water. 

The  water-works  of  Manchester  and  the  aqueduct  at  Glasgow  are  in 
some  respects  the  most  stupendous  ever  constructed,  and  have  attracted 
a  great  share  of  public  attention.  The  most  recent,  and  perhaps  most 
complete  in  detail,  are  the  Vienna  water-works,  and  water  supply  of 
Paris. 

The  Vienna  aqueduct  is  56^  miles  long.  In  order  to  reduce  friction 
and  facilitate  the  discharge,  the  inside  is  plastered  with  a  two-inch  coat- 
ing of  Portland  cement  and  sand.  This  is  in  three  layers,  the  last  a  very 
thin  one  of  pure  cement,  which,  when  hardened,  was  rubbed  with  iron 
plates  till  perfectlj-  smooth  and  polished.  It  was  completed  in  1873,  j^nd 
supp'ies  twenty  million  gallons  per  day. 

It  is  said  that  Nature  is  responsible  for  the  planets,  but  man  m  ide 
Holland.  Its  history  is  a  subversion  of  the  laws  of  nature,  and  its  suc- 
cesses illustrate  what  the  science  of  the  civil  engineer  can  accomplish. 
Fifteen  hundred  and  fiftj'  miles  of  sea  dykes,  some  forty  f(  et  high  and 
broad  enough  for  roadways,  are  now  existing,  the  result  of  a  constant 
engineering  battle  and  incessant  toil.  Nearly  the  entire  region  is  below 
sea-level,  and  tlie  perpetual  security  can  be  appreciated  when  it  m 
remembered  that  in  1277  a  single  inundation  destroyed  forty-four  villages, 
while  in  1287  eighty  thousand  persons  were  swept  away,  and  its  present 
shape  given  to  the  Zuyder  Zee.  Thousands  of  acres  of  fertile  land  have 
been  recovered  from  the  sea  ;  12,731  square  miles  between  1833  and 
1877. 

In  our  own  country  civil  engineering  has  been  of  tiie  same  practical 
character  as  in  Holland  ;  adding  in  the  largest  degree  to  the  prosjjerity 
and  wealth  of  the  nation. 

While  we  cannot  boast  so  many  aqueducts  as  France  or  Italy,  in  num- 
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ber  and  size  our  railway  bridges  are  unsurpassed.  The  age  of  railroads 
brought  this  branch  of  engineering  to  a  degree  of  perfection  hitherto  un- 
known, especially  in  the  construction  of  iron  and  steel  bridges.  Wooden 
ones  date  back  to  a  very  remote  period.  The  first  we  have  any  account 
of  was  built  in  Rome  500  years  B.  C.  The  next  was  erected  by  Julius 
Caesar  for  the  passage  of  his  array  across  the  Rhine.  Trajan's  bridge, 
over  the  Danube,  was  made  of  timber,  with  stone  piers.  In  the  middle 
ages,  when  bridges  were  established  as  passages  over  rivers,  they  were 
usually  constructed  with  piers,  and  were  more  notable  for  abundance  of 
material  than  artistic  skill.  In  this  country  the  first  wooden  bridge  of 
note  is  the  one  across  the  Portsmouth  River  of  250  feet  span.  Switzer- 
land has  several  excellent  wooden  bridges.  The  most  celebrated,  that  at 
Schaffhausen,  built  in  1757  by  a  village  carpenter,  was  burned  by  the 
French  after  it  had  been  in  use  42  years. 

The  Romans  built  the  first  stone  biidge.  It  was  over  the  Tiber.  Twice 
rebuilt  the  remains  of  the  last  structure  are  still  visible.  Pons  ^lius  had 
originally  a  roof  of  bronze  supported  by  forty  columns.  De'^troyed  by  the 
barbarians,  it  was  restored  by  Clement  IX.,  who  placed  on  it  colDSsal 
statues  of  angels  carved  in  white  marble. 

In  Egypt  and  India,  the  birthplace  of  so  many  arts  and  sciences, 
arched  bridges  were  unknown  ;  neither  are  they  met  in  the  ancient 
remains  of  Persia  or  Greece,  though  their  architecture  was  the  finest  In 
the  world. 

The  first  stone  bridge  over  the  Thames,  known  as  "old  London 
bridge,"'  was  completed  in  1209. 

The  novelty  of  AVestminster  bridge  was  the  manner  of  laying  the 
foundations.  This  was  effected  by  means  of  caissons  and  inaugurated  a 
new  era  in  bridge  architecture. 

One  of  the  most  remarkable  wooden  bridges  is  at  Havre  de  Grace  It 
is  3,271  feet  long  and  divided  into  twelve  spans  resting  ongr  mite  piers. 
Constructed  on  Howe's  plan,  it  combines  great  lightness  with  strength. 

Washington  Aqueduct  bridge  has  some  novel  features.  Its  arches  are 
of  cast-iron  pipes  which  carry  the  roadway  and  water  supply  at  the  same 
time.  The  bridge  at  Louisville,  the  truss  bridge  at  Rock  Island,  the  St. 
Louis  Bridge  and  otiiers  on  the  Mis-issip])i  are  noted  both  for  design  and 
strength. 

Suspension  bridges  are  of  remote  oi'igin.  Kirchen  in  his  "China 
Illustrated  "  mentions  one  of  chains  supporting  a  roadway  330  feet  in 
length,  built  A.  D.  65.     It  is  still  to  be  seen. 

The  Peruvians  constructed  bridges  over  the  Andes,  the  principal 
material  being  rope  made  from  the  bark  of  trees.  Sometimes  there  were 
roadways,  at  others  the  transit  was  effected  by  a  basket  drawn  alter- 
nately from  side  to  side. 

Iron  suspension  bridges,  however,  are  of  modern  date.  The  first  in 
England  was  built  by  Capt.  Samuel  Brown  in  1819,  across  the  Tweed.  It 
was  made  with  12  chain  cables,  and  the  span  was  449  feet.  Several  built 
in  Scotland  on  the  same  plan,  were  destroyed  by  hurricanes. 

Pesth  suspension  bridge  was  opened  in  1849,  The  clear  water-way  is 
1,250  feet,  and  the  towers  200  feet  fr  ).m  the  foundations. 

In  the  United  States  the  first  one  was  built  between  1796  and  1810,  of 
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chain  cables.  During  the  last  25  years  wire  cables  have  been  universally 
adopted.  Roebling's  supension  bridges  at  Niagara  and  Cincinnati  are  the 
finest  of  this  type  in  tne  country. 

His  bridge  to  connect  New  York  City  with  Brooklyn  is,  without  doubt, 
the  grandest  and  most  imposing  structure  in  the  world.  It  is  8,475  feet 
long,  ia5  feet  high,  and  cost  $15,000,000. 

The  cantilever  bridge  at  Niagara  has  justly  been  pronounced  a  marvel 
in  the  science  of  bridge  building.  It  is  almost  entirely  of  steel,  and  is 
910  feet  long. 

Rush  street  bridge,  at  Chicago,  111.,  designed  by  Mr.  Samuel  G.  Art- 
ingstall,  is  the  largest  general  traffic  drawbridge  in  the  world,  the  road- 
way accommodating  four  teams  abreast.  It  is  swtmg  by  steam  power 
and  lighted  by  electricity.  For  symmetrical  proportions,  completeness 
and  elegance  of  design,  it  has  no  rival. 

Tunnels  are  of  very  ancient  origin,  and  were  common  in  Rome  sev- 
eral hundred  years  before  the  birth  of  Christ.  398  B.  C,  a  tunnel  6,000 
feet  long,  6  feet  high  and  ?,i  wide,  to  tap  Lake  Albanus,  was  completed 
in  one  year. 

When  Cjesar  arrived  at  Alexandria,  he  found  the  city  almost  hollow 
underneath  from  the  aqueducts  Every  dwelling  had  its  reservoir  sup- 
plied by  subterranean  conduits  from  the  Nile. 

The  aqueducts  of  the  Romans,  Peruvians  and  Mexicans  included 
remarkable  tunnels. 

Among  the  celebrated  tunnels  of  modern  times  are  Mount  Cenis,  St, 
Gothard,  Nochistongo,  Sutro.  Riquivel,  Blaizy.  Thames  and  Medway, 
and  Chicago  lake  tunnel,  which  attracted  much  attention  in  Europe 
during  its  construction. 

Canals  are  of  still  greater  antiquity.  The  Assyrians  and  Egyptians 
built  them  first  for  irrigation,  and  afterward  for  navigation.  They  are 
now  common  in  all  civilized  countries,  notably  in  Holland. 

Mr.  Charles  B.  Stewart,  Civil  Engineer,  in  his  "Lives  and  Work?  of 
Civil  and  Military  Engineers,"  pubhshed  in  1871,  says  that  to  the  United 
Stales  justly  belongs  the  credit  of  building  the  longest  canal  in  the 
world  in  the  shortest  time,  for  the  least  money  and  to  the  greatest  public 
benefit.  The  Erie  Canal,  completed  in  1825,  is  rightly  claimed  to  have 
exerted  an  influence  that  beyond  computation  excels  any  investment 
of  money  ever  made  in  any  nation.  Not  only  great  States  that  border 
on  the  great  lakes  owe  their  prosperity,  but  the  States  beyond  the  great 
river  Mississippi  must  forever  find  their  markets  through  its  channels 
to  the  Atlantic  cities.  Other  and  more  rapid  modes  of  transportation 
have  diverted  public  attention  from  this  pioneer  improvement  until 
few  are  aware  that  in  the  extent  and  value  of  its  tonnage  it  far  exceeds 
the  whole  foreign  commerce  of  the  United  States. 

In  the  remote  and  far  East,  many  of  the  earliest  and  some  of  the 
greatest  achievements  of  the  architect  are  of  a  character  to  baffle  the 
most  learned  antiquaries.  They  are  unable  to  determine  for  what  use  or 
purpose  many  stupendous  structures  were  created.  Had  not  the  library 
at  Alexandria  been  destroyed,  it  would  doubtless  have  thrown  much 
light  on  problems  that  must  forever  remain  a  mystery.  And  the  question 
is,  has  any  benefit  ever  been  derived  from  the  construction  of    these 
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mighty  edifices,  whose  ruins  bear  silent  and  solemn  testimony  of  the 
untoid  millions  vvh  cli  have  been  expended,  and  of  cruel  servitude 
exacted  to  gratify  the  ambition  and  vanity  of  kings  and  tyrants  ?  A 
country  may  be  richly  adorned  with  temples,  palaces,  and  hanging 
gardens  which  surpass  even  the  Garden  of  Eden,  and  yet  the  masses 
be  in  the  most  abject  and  deplorable  condition.  To  constitute  real 
wealth  and  power,  a  country  must  possess  other  conditions.  Among 
these  are  a  just  and  liberal  government,  which  is  the  foundation 
of  a  free  and  happy  people,  and  great  resources,  both  agricultural  and 
mineral.  These,  with  her  inanufactures,  commerce,  public  high- 
ways, buildings,  libraries  and  schools,  make  a  nation  truly  great. 
Our  own  country  possesses  all  these  in  an  eminent  degree.  No  nation, 
ancient  or  modern,  ever  made  such  gigantic  strides  in  public  improve- 
ments and  works,  as  the  United  States  in  the  last  fifty  years,  and  the 
civil  engineer  has  performed  a  most  conspicuous  part  in  contributing  to 
her  wealth  and  power.  There  is  no  uncertainty,  no  question  in  regard 
to  /ti.s  achievements,  which  bespeak  their  real  purpose  to  society  from 
the  very  beginning.  As  evidence  of  the  benefits  bestowed  upon  society 
of  modern  times  by  engineering  skill,  it  is  only  necessary  to  refer  to  the 
m  St  noted,  the  railroads  and  ocean  telegraphs.  The  first  railroad  in 
the  United  States,  known  as  the  Quincy.  was  constructed  in  1826,  and 
the  Manchester  and  Liverpool  road  was  completed  about  the  same  time. 
Up  to  1882,  Europe  had  107.406  mil<^s  of  jailway  and  the  United  States 
104.813,  that  of  the  foimer  being  about  3,600  miles  in  excess  of  this 
country.  Illinois  has  the  greatest  number  of  miles  of  any  State  in  the 
Union,  and  504 more  than  the  New  England  States  and  New  Jersey  com- 
bined. These  roads,  extending  from  East  to  West,  span  the  continent, 
milking  it  possible  for  one  to  travel  from  the  Atlantic  to  the  Pacific  in  a 
number  of  days  that  would  have  been  months  fifty  years  ago,  and  with 
a  dpgree  of  ease  and  comfort  inconceivable  at  that  time. 

Gigantic  mountains,  mighty  rivers  and  deep  valley  3  are  no  obstacles 
to  travelers  or  traffic,  since  the  skill  of  the  civil  engineer  has  divided  con- 
tinents by  ship  canals,  tunneled  tlie  Alps,  Hoo^ac,  Alleghanies  and  Rocky 
Mountains  ;  bridged  the  great  rivers  of  the  world  and  filled  valleys  :  an 
apparent  fulfillment  of  St.  Luke's  declaration  eighteen  hundred  years 
ago,  •'  That  every  valley  shall  be  filled,  and  every  mountain  and  hill  sh;  11 
be  brought  low  ;  and  the  crooked  shall  be  made  straight :  and  the  rough 
waj's  shall  be  made  smooth."  Could  language  be  more  prophetic  or  more 
in  harmony  with  the  achievements  of  the  civil  engineer  in  the  nineteenth 
century.  When  civilization  and  its  varied  interests  made  it  necessary  to 
have  daily  and  hourly  communications  between  the  Old  and  New  World, 
the  electric  and  naval  engineer  supplied  the  want  by  joining  the  two 
coniine  .ts  by  a  band  of  iron  ;  the  submarine  telegraph,  bj'  which  the 
gieat  commercial  and  financial  transactions  of  the  two  continents  are 
largely  maintained.  Messages  of  love,  sorrow  and  respect  between 
friends,  and  the  comity  of  nations,  may  be  exchanged  at  pleasure  and 
with  I  he  rapiditj'  of  the  lightnings. 

It  has  been  said  man  made  Holland  ;  with  equal  force  it  can  be  stated 
the  architect  and  civil  enk.ineer  made  Chicago,  a  city  whose  relationships, 
characteristics  and  rapid  growth  have  no   parallel  in  historj'.     General 
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Watson  Webb,  lately  deceased,  in  a  recent  letter  to  the  Hon.  John  Went- 
worth,  says  that  in  1823  there  was  neither  house,  hut,  nor  shanty  of  any 
kind,  except  those  occupied  by  the  employes  of  the  government,  other 
than  those  of  John  B.  Beaubien  and  John  Crafts.  The  first  hotel  was 
opened  in  1826,  when  Chicago  contained  five  houses.  In  1830  the  town 
was  platted,  and  a  year  later  the  population  numbered  75,  and  the  cabin 
hotel  gave  place  to  a  two-story  building  called  the  Sauganash.  In  1833 
Chicago  attained  the  dignity  of  an  incoi-porated  village.  The  limits  were 
made  on  the  north  to  Ohio  street,  south  to  Jackson,  and  west  to  Jeffer- 
son, and  it  contained  550  inhabitants  and  175  buildings  before  the  close  of 
the  year,  although  there  were  only  29  voters  at  the  time  of  organization . 
Chicago's  first  public  Joan,  $60,  was  negotiated  in  1834,  and  applied  to 
making  a  ditch  on  each  side  of  Clark  street.  In  1837  Chicago  became  a 
city,  with  an  area  of  about  10  square  miles,  and  a  population  of  4,100. 
The  hydraulic  company,  designed  to  supply  Chicago  with  water  from  the 
lake,  was  incorporated  in  1848.  In  the  same  year  the  Galena  Railroad  was 
begun,  which  'with  the  Illinois  Central,  commenced  in  1851,  was  the  intro- 
ductory to  that  great  system  now  represented  by  18  trunk  lines,  which 
naakes  this  city  the  greatest  grain,  lumber  and  provision  mart  in  the  world. 

In  1857  the  grade  of  the  city  was  raised  from  5  to  12  feet.  One  of  the 
finest  opera-houses  in  America  was  built  in  1864  and  the  lake  tunnel 
begun.  The  construction  of  our  present  system  of  water  supply  attracted 
much  attention,  not  only  in  our  own  country,  but  also  in  Europe.  This 
was  due  to  the  novelty  of  taking  water  down  from  a  great  lake  for 
domestic  and  manufacturing  purposes.  Although  tunnels  had  been  con- 
structed hundreds  of  years  before  the  Christian  era,  this  feature  of  engi- 
neering skill  belongs  entirely  to  Chicago  and  the  nineteenth  century.  Mill- 
ions have  been  expended  in  perfecting  this  grand  system  and  in  the  erec- 
tion of  one  of  the  largest  pumping  engines  in  the  world,  whose  ponderous 
movements  denote  the  power  and  purpose  of  the  designer  in  supplying 
to  this  city  one  of  the  most  essential  elements  to  mankind  with  as  great 
a  degree  of  regularity  in  its  pulsation  as  the  human  heart  in  supplying 
the  life-giving  current. 

In  1871  the  city  area  embraced  nearly  36  square  miles,  and  the  popula- 
tion was  325,000. 

On  the  9th  of  October,  1871.  one  of  the  most  destructive  fires  in  the 
world's  history  occurred,  burning  over  2,124  acres  and  destroying  17,950 
buildings,  thus  rendering  98,000  people  homeless.  Not  only  has  this 
vast  expanse  of  desolation  and  ruin  entirely  disappeared,  but  a  new  city 
has  been  virtually  erected,  which  is  not  surpassed  in  its  architectural 
beauty,  number  and  raag-nificence  of  its  pubHc  buildings  and  business 
blocks  by  any  on  the  face  of  the  globe. 

Hon.  De  Witt  C.  Cregier,  Commissioner  of  Public  Works  (our  late 
worthy  President,)  says  in  his  report  to  the  Common  Council  in  1882, 
refeiTing  to  official  records  of  a  petition  bearing  date  August  13,  1835  : 

"  Your  petitioner  respectfully  represents  to  your  honorable  body,  that 
he  has  graded  and  thrown  up  La  Salle  street,  between  South  Water  and 
Lake,  in  front  of  lots  one  and  two,  and  begs  to  be  allowed  the  cost  or 
value  of  said  work,  to  be  deducted  from  the  taxes  of  the  ensuing  year. 

"  GuRDON  S.  Hubbard. 

"  To  the  Trustees  of  the  town  of  Chicago." 
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He  adds  that  the  author  of  this  is  now  a  hale  and  active  resident,  who 
has  witnessed  Chicago  grow  from  a  frontier  village  to  its  present  impor- 
tant place  among  the  great  cities  of  the  world. 

In  his  report  for  1884  he  has  suggested  public  improvements,  which,  if 
carried  out  as  outlined,  will  make  Chicago  the  most  wonderful  city  in  the 
world,  although  less  than  half  a  century  ago  it  was  nothing  but  a  swamp 
and  quagmire,  at  seasons  impassable  to  man  or  beast.  Chicago  in  the 
future,  as  in  the  past,  will  be  the  theatre  of  the  civil  engineer,  who  has 
raised  her  from  a  marshy  slougii,  paved  her  streets,  constructed  her 
labyrinth  of  sewers,  erected  great  vvater-works  and  pumping  engines^ 
built  splendid  iron  viaducts  and  drawbridges,  one  of  which  has  been 
acknowledged  the  largest  of  its  kind  in  the  world,  and  supplied  her  with 
a  network  of  street  railways  which,  in  detail,  are  the  most  complete  in 
the  system  of  street  railways.  With  all  these  achievements,  the  city 
has  but  entered  upon  the  threshold  of  her  unsolved  problems,  which  will 
require  in  their  solution  still  greater  power  and  skill  in  the  engineer,  and 
this  hall  will  be  a  fitting  place  to  discuss  these  questions  and  the  plans 
for  their  execution.  In  all  probability  there  are  members  of  this  society, 
and  in  all  likelihood  there  are  some  now  within  sound  of  my  voice,  whose 
names  will  be  enrolled  with  those  of  Geddes.  Williams,  Wright,  Doug- 
lass, Latrobe  and  Roebling,  in  the  future  history  of  the  profession 
and  our  country.  In  conclusion,  does  it  not  seem  fitting  to  ask  civiliza- 
tion to  whom  she  is  indebted  for  the  great  achievements  which  adorn  the 
world  ;  to  which  of  the  sk  lied  j^rofessions  is  due  the  wealth,  convenience 
and  comfort  enjoyed  by  all  classes  ?  Without  one  word  of  disparagement 
to  any  of  the  noble  professions  and  arts  which  have  contributed  so 
largely  to  the  power  and  progress  of  the  present  age,  I  repeat  none  have 
left  such  monuments  of  wealth,  genius  and  grandeur  as  the  architect 
and  the  civil  engineer. 


PUMPING  MACHINERY  VERSUS  RESERVOIR. 


By  James  Waters,  Member  op  the  Engineers'  Club  of  Minnesota. 
[Read  May,  1885.] 

The  object  of  this  paper  is  to  joint  out  some  of  the  advantages  that 
machinery  has  over  reservoirs,  wiiere  the  water  is  elevated  by  artificial 
means,  and  has  an  inexhaustible  source  to  draw  from.  It  is  not  intended 
to  substitute  reserve  machinery  for  the  reservoir  where  the  supply  is 
limited  at  some  seasons  of  the  year,  and  it  is  necessary  to  have  large 
storage  caj  acity  to  tide  over  the  dry  time.  At  such  places  water  must 
be  procured  at  the  proper  season,  and  stored  up  for  future  use. 

The  advantages  of  machinery  over  reservoirs  in  the  water  supply  of 
cities  will  be  considered,  first,  as  a  reserve  in  case  of  accident ; 
secondly,  as  to  the  ability  to  increase  the  pressure  when  required  ;  thirdly, 
as  to  the  economy  of  reserve  machinery  in  first  cost  over  the  reservoir  ; 
fourthly,  as  to  the  quality  of  the  water  delivered  by  each  system. 
As  a  Reserve  in  Case  of  Accident. 

It  is  a  necessity  of  all  water-works  in  this  country  that  the  water  pres- 
sure in  the   mains  should   have   an  uninterrupted   flow,  day  and  night; 
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and  as  reservoirs  and  machinery  both  require  repairing  and  overhauUng, 
it  is  necessary  to  have  a  reserve  in  order  that  the  repairs  can  be  done 
without  any  inconvenience  to  the  consumers  or  jeopardizing  public  prop- 
erty. The  power  to  supply  water  in  case  of  accident  to  the  pumping 
machinery  is  the  one  great  advantage  claimed  for  the  reservoir  by  its 
advocates,  and  is  admitted,  providing  it  is  not  being  repaired  itself  or 
empty,  as  is  often  the  case,  from  some  other  cause.  To  show  its  unreli- 
ability to  meet  the  above  requirements,  I  will  relate  an  incident  that 
happened  at  one  of  the  best  appointed  water-works  of  that  kind  in  the 
country.  There  were  two  pumps  which  could  supply  10  million  gal- 
lons each  every  twenty-four  hours,  pumping  into  a  reservoir  of  20  mill- 
ion gallons  capacity.  One  of  the  pumps  broke.  The  first  thing  to  be 
considered,  was  whether  the  reservoir  would  hold  out  until  the  repairs 
could  be  made.  The  consumption  was  14  million  gallons  per  day,  only 
ten  of  which  could  be  supplied  by  the  remaining  pump.  The  other  four 
million  would  have  to  be  drawn  from  the  reservoir,  which  at  that  rate 
would  only  furnish  relief  for  five  days.  It  was  decided  that  the  break 
could  not  be  repaired  in  that  length  of  time,  so  it  was  necessary  to  look 
to  something  beside  the  reservoir  for  help  ;  which  was  obtained  by  pur- 
chasing additional  machinery  not  quite  enough  to  supply  the  full  con- 
sumption ;  but  by  curtailing  the  use  of  the  water  they  njanaged  to  get 
along  at  great  inconvenience  during  the  two  hot  months  the  break  was 
being  repaired.  Since  that  time  a  third  pump  of  10  million  capacity  has 
been  added  to  the  supply,  which,  had  this  been  done  in  the  first  place, 
instead  of  building  the  reservoir,  would  have  afforded  all  the  relief 
required. 

The  Power  to  Increase  the  Pressure  Whenever  it  May  he  Necessary. 

The  reservoir  being  at  one  fixed  elevation,  the  pressure  cannot  be 
increased  unless  the  water  ia  the  reservoir  is  cut  off  by  closing  the  gates 
in  the  supply  main.  And  the  chances  are  that,  having  a  reservoir,  so 
much  reliance  has  been  placed  on  it  for  an  emergency,  that  a  sufficient 
amount  of  pumping  machinery  has  not  been  provided.  All  persons 
familiar  with  the  running  of  water-works  know  that  the  size 
of  the  fnains  often  becomes  inadequate  through  the  increase  and 
spread  of  population,  when  extending  out  in  long  single  lines  in 
the  suburbs  of  a  growing  city.  But  by  being  able  to  increase  the 
pressure,  the  inconvenience  can  in  a  measure  be  done  away  with,  and  the 
time  bridged  over,  until  the  district  can  be  reinforced  by  additional 
mains.  Also,  higher  buildings  may  be  built,  making  it  necessary  to  ele- 
vate the  water  accordingly.  J.  T.  Fanning,  in  his  report  on  a  water 
supply  for  New  York  and  other  cities  of  the  Hudson  River  valley,  esti- 
mates that  for  that  part  of  New  York  City  below  Central  Park,  the  loss 
to  water  consumers  from  the  lack  of  sufficient  pressure  is  not  less  than  a 
quarter  million  dollars  annually. 

The  advantage  of  having  the  pressures  for  fires,  without  being  at  the 
expense  of  maintaining  the  water  at  that  pressure  except  when  neces- 
sary, is  very  great.  The  time  it  has  taken  to  keep  up  fire  pressure  in 
Minneapolis  has  only  averaged  one  hour  in  fift\-one  this  last  year. 
When  a  system  of  water-works  can  give  fire  pressure  on  the  mains, 
every  hydrant  is  equal  to  a  steamer.     When  that  pressure  is  lacking,    he 
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amount  of  water  that  can  be  thro^v^l  on  a  fire  is  limited  to  the  capacity 
and  number  of  fire  engines  a  city  possesses.  Minneapolis  and  St.  Paul 
are  fair  illustrations  of  the  two  systems.  Minneapolis,  by  having  ade- 
quate 'pumping  machinery,  can  raise  the  pressure  on  the  mains  from 
about  fifty  pounds  domestic  to  over  100  pounds  for  fire  pressure.  In  St. 
Paul,  the  domestic  pressure  is  about  the  same,  with  no  means  of  increas- 
ing it  in  case  of  fire,  and  consequently  all  the  water  which  can  be  thrown 
is  limited  to  their  six  steamers ;  while  Minneapolis,  that  has  the  same 
number,  can  suppl3'  her  steamers  with  water,  helping  to  increase  their 
pressure  at  the  same  time  ;  and  in  addition  the  pumping  machinery 
could  take  care  of  six  other  fires  requiring  an  equal  amount  of  water, 
and  that  without  any  assistance  from  the  fire  engines.  Although  the 
water-works  of  the  two  cities  are  about  of  the  same  capacity,  Minne- 
apolis can  furnish  about  seven  times  as  much  water  for  fire  purposes. 
Another  almost  invaluable  advantage  is,  that  when  the  pressure  is  in 
the  mains  there  is  no  time  lost  in  getting  up  steam. 

The  assertion  that  the  repeated  increase  of  pressure  in  the  pipes  ulti- 
mately destroys  them,  is  something  that  can  only  be  determined  after  the 
lapse  of  ages.  I  know  of  a  pipe  16  inches  in  diameter,  and  less  than  one 
inch  thick — that  has  been  in  use  over  thirty  years — durmg  which  time  it 
has  been  subjected  to  variations  of  pressure  ranging  from  50  pounds  to 
nothing,  and  from  130  pounds  to  nothing,  frequently  as  often  as  500  times 
in  a  minute.  The  increase  of  pressure  in  this  city,  in  the  pipes,  on  account 
of  fires,  would  probably  not  average  more  than  365  times  in  one  year,  and 
then  not  as  suddenly,  or  to  the  extremes  of  the  pipe  before  mentioned. 
But  allow  I  hem  to  have  the  same  variations  of  pressure,  they  should  not 
be  destroyed  from  this  cause  in  over  a  million  years. 

Economy  of  Reserve  Machinery  in  First  Cost  over  Reservoir. 

Under  this  head  I  will  refer  again,  as  one  example,  to  the  city  I  have 
before  mentioned.  The  reservoir  at  that  place  of  20  millions  capacity, 
with  its  attachments,  cost  $250,000.  The  10  million  gallon  reserve  pump 
cost  $65,000.  So.  if  the  pump  had  been  procured  in  the  first  place, 
instead  of  building  the  reservoir,  there  would  have  been  a  saving  of 
$185,000,  and  a  much  more  efficiejit  reserve.  This  proportion  of  reservoir 
and  machinery  at  other  places  of  course  will  vary,  but  the  weight  of  the 
evidence  is  in  favor  of  machinery. 

Quality  of  the  Water  Delivered. 

Machinery  delivers  the  water  to  consumers  before  it  has  time  to  dete- 
riorate. In  all  the  reports  received  from  other  cities  there  is  not  one 
complaint  against  machinery  on  this  point  ;  but  against  the  reservoir 
there  are  very  many.  There  are  various  devices  adopted  to  obtain  from 
tlie  reservoirs  as  palatable  water  as  was  pumped  into  them,  one  of  which 
is  to  insert  gates  at  different  heights  in  the  embankments,  so  that  by 
drawing  from  different  levels  some  stratum  of  water  may  be  found  less 
objectionable  than  the  rest.  Touching  on  this  question,  I  will  here  quote 
from  one  of  the  reports  :  "During  porcions  of  July,  August  and  Sep- 
tember the  water  became  strongly  offensive — so  much  eo  that  many 
citizens  resorted  to  pumps  and  such  well-water  as  could  be  obtained, 
and  the  commissioners  were  favored  with  a  vast  amount  of  advice  as  to 
what  could  be  done  to  remedy  the  evil.       Some  urged  that  more  vegeta- 
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tion  be  allowed  to  grow  in  the  pond,  others  that  fishing  be  permitted, 
■while  others  thought  that  if  the  water  could  be  skimmed  and  strained  a 
perfect  remedy  would  be  effected.  Then  some  were  met  with  who 
thought  the  pond  should  be  deepened  on  the  shores  and  cleaned  on  the 
bottom  from  all  impurities.  On  one  point  all  agreed.  That  was  that 
the  water  during  this  period  was  bad  ;  and  on  that  point  the  commis- 
sioners fully  agreed  with  them;  but  to  cure  the  evil  we  must  first  find 
out  the  cause.  Our  city  is  not  alone  in  this  difficulty;"  and  then  the  re- 
port goes  on  to  name  many  others  troubled  the  same  way.  Quoting  still 
further  it  says,  "  This  subject  has  been  investigated  from  a  geological, 
botanical  and  zoological  stand-point  by  the  most  accomplished  savans 
in  the  country.  This  examination  shows  how  widespread  is  the  diffi- 
culty and  how  little  hope  there  is  for  us  at  present,  as  the  conditions 
under  which  we  natui'ally  expect  aid  have  been  experimented  with  and 
found  substantially  valueless."  At  this  same  city  filtration  vras  tried, 
proving  of  no  use  if  the  water  was  allowed  to  stagnate,  and  the  only 
remedy  was  to  turn  it  into  the  service  pipes  for  immediate  consump- 
tion. 

In  conclusion,  I  would  say  I  hope  this  paper  will  be  the  means  of  pro- 
voking discussion  on  this  subject,  and  thereby  arriving  at  the  most  relia- 
ble and  economical  reserve  for  water-works — namely,  machinery. 
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IPI^OCEEIDinSTG-S. 


WESTERN  SOCIETY  OF  ENGINEERS. 


July  21,  1885  :— The  212th  meeting  was  held  in  the  Society's  Hall,  at  4  p.  m. 
Mr.  Wright  was  called  to  the  chaii'. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Mr.  Wright  stated  that  in  his  paper  on  Ventilation  of  Stables,  printed  in  Vol- 
ume IV.  of  the  JouBNAL,  there  was  an  error  on  page  194.  In  line  21  the  amount 
of  ail-,  392.4  feet,  is  that  which  each  horse  would  get  per  hour  if  the  area  of  ven- 
tilator was  one  square  foot  ;  being  16  square  feet,  this  amount  should  be  multi- 
plied bj'  16,  the  proper  amount  being  6278.4  feet.  Mr.  T.  P.  Perkins,  of  Lynn, 
Mass. ,  first  called  Mr.  Wright's  attention  to  this  unaccoimtable  error. 

lAdjourned.]  L.   P.   Morehouse,  Secretary. 

The  quarters  of  the  Society  have  recently  been  moved  to  the  rooms  of  the  Per- 
manent Exhibit  of  Building  Materials,  No.  15  Washington  street. 

Members  and  their  friends  are  specially  invited  to  visit  and  examine  this  valu 
able  exhibit.  

August  4,  1884  : — The  213th  meeting  was  held  in  the  Society's  Hall,  at  4  p.  m. 
President  Williams  in  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Professor  Cooley,  for  the  Committee  on  Organization  of  the  Engineer  Service 
for  the  Conduct  of  the  Public  Works  of  the  United  States,  read  a  preliminary 
report. 

It  was  voted  that  this  report  be  printed,  and  that  the  other  participating 
societies  of  the  Association  be  requested  to  discuss  the  subject-matter  ;  and  also 
that  the  report  be  taken  up  in  this  Society  for  discussion  at  the  first  meeting  in 
October. 

The  Secretary  read  a  paper  by  Mr.  R.  F.  Hartford,  on  Ventilation  of  Buildings. 

lAcljourned.]  L-  P-  Morehouse,  Secretary. 

REPORT   OF  COMMITTEE   ON   ORGANIZATION   OF    THE    ENGINEER    SERVICE    OF    THE 

UNITED   STATES. 

To  the  Western  Society  of  Engineers  : 

Your  Committee  up6n*the  Organization  of  the  Engineer  Service  for  the  Conduct 
of  the  Public  Works  of  the  United  States  desires  to  submit  a  progi-ess  report  as  a 
basis  for  future  discussion. 

The  facts,  in  brief,  as  they  have  presented  themselves  to  our  consideration,  may 
be  stated  as  follows  : 

(A)  That  the  General  Government  has  not  yet  formulated  or  defined  a  broad 
policy  looking  to  a  comprehensive  scheme  of  public  works  of  general  utility  to  the 
nation  ;  nor  has  any  duly  constituted  organization  been  provided  for  the  study  of 
such  a  system  or  for  its  practical  execution  when  authorized. 

(B)  That  appropriations  have  hitherto  been  made  largely  through  local  or 
sectional  interests,  that  cannot  appeal  to  the  nation  as  a  whole,  and  that  their 
expenditure  is  assigned  to  the  Secretary  of  War  from  time  to  time,  as  the  appro- 
priations are  made,  to  be  disbursed  under  his  direction  by  officers  of  the  army, 
detached  from  their  regular  sei-vice  for  this  duty. 

(C)  That  the  employment  of  civilian  engineers  is  in  no  way  authorized  or  regu- 
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lated  by  statute,  nor  is  their  status,  as  servants  of  the  Government,  in  any  way 
defined. 

In  view  of  these  facts,  your  Conunittee  conclude  as  follows  : 

1.  That  if  it  is  the  poUcy  of  this  Government  to  appropriate  moneys  for  public 
works  in  the  interests  of  commerce  between  the  States,  the  improvement  of  harbors 
and  rivers,  and  the  development  of  new  water  routes  on  commercial  lines,  such 
policy  should  be  formally  adopted  and  carried  out  on  a  comprehensive  plan,  with 
due  regard  to  topographical  possibilities  and  commercial  requirements,  or  the 
development  of  our  waterways  as  a  complete  system. 

2.  That  the  inauguration  and  carrying  forward  of  such  a  policy  demands  a 
comprehensive  Bureau  or  Department  of  Public  Works,  charged  with  the  develop- 
ment of  a  systematic  scheme  of  works  and  its  practical  execution,  said  bureau  to 
embrace  all  civil  work  of  an  engineering  character,  and  to  be  organized  solely  with 
a  view  to  its  adequate  development  and  prosecution. 

3.  That  said  bureau,  in  its  organisation,  should  recognize  the  natural  division  of 
our  country  into  well-defined  districts,  with  community  of  physical  features  and 
commercial  interests,  demanding  related  works,  and  also  the  relations  of  these  dis- 
tricts as  a  whole. 

4.  That  in  the  personnel  of  its  organization,  competence  for  the  work  in  hand 
should  alone  be  recognized,  and  that  the  organization  should  be  such  as  will  pro- 
vide the  best  ability  in  every  rank,  foimded  on  adequate  training  and  experience, 
without  regard  to  the  mode  or  place  by  which  due  fitness  may  have  been 
acquired. 

5.  Any  organization  that  in  its  personnel  and  in  its  administrative  duties  is  in 
any  way  influenced  by  partyism,  or  subject  to  political  interference  in  the  popular 
sense,  would  fail  of  a  wise  purpcse  ;  and  if  such  freedom  cannot  be  secured,  the 
hope  of  an  adequate  system  of  public  works  may  be  indefinitely  postponed. 

L.  E.  COOLEY, 


Committee  •{  H.  B.  Herr, 

A.  W.  Wright. 


ENGINEERS'    CLUB    OF    MINNESOTA. 


June  12,  1885  :  Regular  monthly  meeting.  The  President,  Mr.  George  W. 
Cooley,  extended  an  invitation  to  the  Club  to  spend  a  day  at  his  cottage  at  Minne- 
tonka  Beach,  about  the  middle  of  July,  which  was  accepted.  Mr.  D.  P.  Waters 
read  a  paper  entitled  "Cement  and  SUicate  of  Lime."    Discussion  followed. 

[Adjonmed.'i  W.  A.  Pike,  Secretary. 


Edifors  reprinting  art  iclfS  from  this  journal  are 
ri-qui'sti(J  fn  crt'dit  hoth  ike  Journal  and  the 
Society  before   lohich  such  articles  were  read. 
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This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

WATER-POWER    AT     NIAGARA     FALLS. 

Br  Samuel  McElroy.  C  E.,  Member  and  V.  P.  Western  Society  op  Engineers. 
[Read  September  1.  1885.] 


Under  an  act  of  April  30,  1883,  of  the  New  York  Legislature,  five  com- 
missioners were  appointed  to  locate  a  public  park  at  the  village  of  Niag- 
ara Falls,  which  has  been  laid  out  to  include  the  water  front  for  about 
one  mile  above  the  Falls,  Prospect  Park  at  the  Falls,  with  Bath,  Luna, 
Goat  and  other  islands  on  the  American  side. 

Under  this  act  three  commissioners  were  appointed  by  the  Supreme 
Court,  to  appraise  the  value  of  the  lands  and  other  property  appropriated 
for  this  park,  who  commenced  their  sessions  in  February,  1884,  and  made 
a  report  October  27,  awarding  an  aggrr'gate  sum  of  .$1,44-3,439,  provided 
for  by  a  legislative  act  of  April  30,  1885 

The  hydraulic  power  has  been  utilized  by  the  hydraulic  canal,"  Wit- 
mer's  grist  mill,  the  uppsr  and  lower  races,  and  the  paper  mill  on  Bath 
Island  ;  bel  )w  the  Falls  by  Witmer's  grist  mill  at  the  Suspension  Bridge. 

The  hydraulic  canal,  about  4,000  feet  long,  runs  from  Port  Day,  a  point 
just  above  the  rapids,  to  a  basin  near  the  ledge  on  the  American  side, 
about  half  a  mile  below  the  fall.  It  varies  in  width  from  36  to  74  feet, 
minim  am  depth  about  7^  feet,  and  supplies  10  mills,  using  about  3,100 
horse-power  :  a  new  flour  mill  is  being  built  to  use  1,000  horse-power 
additional.  Advantage  is  taken  of  the  ledge  height  by  tunnels  to  obtain 
wheel  heads  of  50  to  90  feet,  turbines  being  used.  This  is  not  included 
in  the  park. 

Tlie  Witmer  mill,  on  the  river  rapids,  was  built  in  1800.  It  has  four 
runs  of  stone,  driven  by  three  *'  Eagle"  turbines,  and  one  "tub"  wheel, 
under  a  head  of  about  six  feet. 

Two  mill  races  were  laid  out  near  the  falls,  the  "  upper"  and  "lower," 
parallel  with  each  other,  fed  by  the  rapids.  The  former  is  used  for  light 
hotel  power  ;  the  other  has  been  long  in  use.  Its  original  wing-wall  was 
extended  into  the  rapids  in  1820-21.  It  furnishes  power  for  two  pumps, 
two  carpenter  shops,  one  cabinet  and  one  machine  shop,  a  large  pulp- 
mill,  and  the  dynamo  engine  and  water-wheel  of  Prospect  Park  and  its 
ferry  railway. 

On  Bath  Island,  power  is  used  from  the  rapids  for  a  large  paper  mill, 
with  two  54  and  one  66-inch  "  American  "  turbines  ;  head  12  to  13  feet  ; 
about  400  horse-power  used.     These  powers  were  appropriated. 

Lower  Race  Power. — In  1882  an  action  was  commenced  by  an  owner 
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on  the  lower  race,  Mrs.  Townsend,  to  obtain  a  decree  fixing  the  relative 
supply  of  water  to  the  several  lots,  twelve  in  all  on  the  race,  and  Pros- 
pect Park,  claiming  one  lot,  and  a  decree  was  rendered  September  25, 
1884,  by  Judge  M.  H,  Peck,  referee. 

This  case  became  an  elaborate  investigation  of  the  conditions  and  value 
of  water  supply  and  power  here,  and  furnished  an  important  basis  for 
the  State  case  testimony,  but  the  decree  was  not  published  when  the 
appraisers  concluded  their  awards,  and  is  now  the  subject  of  an  appeal 
to  the  Court  of  Appeals.  Practically,  the  suit  was  an  attempt  to  restrict 
the  supply  of  the  large  pulp  mill,  which  was  the  first  to  properly 
develop  this  race,  the  defendants  being  Messrs.  HlU  &  Murray,  its 
owners. 

For  the  plaintiff  Messrs.  C,  H.  Rhodes  and  C.  H.  Pifer  were  counsel ; 
Messrs.  C.  S.  Olmsted,  L.  E.  Nichols,  Benj.  Rhodes,  civil  engineers; 
Prof.  I.  F.  Quimby.  A.  P.  Burdick  and  J.  Phillips,  machinists,  as  experts. 
For  defendants,  G.  J.  Sicard,  Esq.,  counsel  ;  W.  F.  Noye,  M.  S.  Otis,  W.  A. 
Philpot,  millwrights  and  machinists,  as  experts.  In  the  State  case,  where 
value  of  power  became  prominent,  the  witnesses  for  Hill  and  Murray 
were  Clemens  Herschel,  C.  E.;  R.  Rossiter,  Supt.  Paterson  power;  W.  H. 
Nixon,  paper  manufacturer;  D.  T.  Mills,  turbine  builder;  Messrs.  Noye 
and  Otis,  several  machinists,  and  Samuel  McElroy,  C.  E.,  consulting 
expert,  in  both  cases. 

The  several  points  presented  may  be  thus  stated  : 

Relative  value  of  water-power  depends  on  the  quantity,  head,  and 
regularity  of  supply,  and  its  purity;  on  facilities  for  receipt  and  delivery 
of  supplies  and  productions,  and  for  labor  and  repairs  ;  on  the  perfection 
of  mill  and  machinery,  and  operation  ;  quantity  legally  controlled;  local 
conditions,  and  standards  of  similar  power. 

Quantity  of  supply  :  Source,  Lake  Erie  ;  distance  by  river,  32  miles  ; 
tiaie  of  river  flow,  6  hours  ;  flow  of  river,  about  18,000,000  cubic  feet  per 
minute  ;  power  of  whole  Falls,  at  150  feet,  3,600,000  horse-power  on  shaft ; 
area  of  lake,  9,600  square  miles  ;  fluctuating  range,  about  1.8  feet ;  preva- 
lent winds,  W.  and  S.W.,  tending  to  keep  up  levels  for  about  70  per 
cent,  of  annual  gales ;  flow  uniform,  day  and  night. 

Race  obstruction,  by  sludge  ice,  not  to  exceed  a  week  in  winter  ;  cost 
to  clear,  about  $350  ;  winds  produce  occasional  changes  up  to  1,5  feet  ; 
tail  races  rise  and  fall  with  inlet  ;   virtual  fall  not  impaired. 

As  compared  with  other  powers,  the  Merrimack  at  Lawrence,  draining 
4.453  square  miles,  fluctuates  from  about  2,600  cubic  feet  per  second  in 
September  to  18,000  in  May  ;  the  general  variation  of  head  at  Lowell  is 
5  feet  on  the  upper  fall  of  32,  and  a  reduction  of  6  feet  is  sometimes 
caused  by  floods  ;  the  best  head,  where  dams  are  used)  from  flood  rise 
on  the  tail  races),  being  in  dry  weather,  if  the  supply  does  not  fail. 
The  Connecticut,  at  Holyoke,  varies  from  36,000  cubic  feet  to  less  than 
2,500  per  second  ;  the  Housatonic,  at  Kent,  from  887  cubic  feet  per  sec- 
ond in  May  to  263  feet  in  August  ;  the  Mohawk,  at  Cohoes,  draining 
2,830  square  miles,  runs  down  to  980  cubic  feet  per  second,  mill  supply, 
in  the  dry  season  ;  the  Genesee  Falls  are  often  dry  at  Rochester.  Water 
wheels  are  subject  to  seriotis  ice  obstructions  in  winter  ;  and  few  mills  can 
be  run,  day  and  night  continuously,  summer  and  winter,  as  on  this  race. 
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Relative  levels  above  mean  ocean  level :  Lake  Erie,  575*  feet ;  Gill 
Creek,  moutb,  566  ;  Port  Day,  564  ;  Upper  Race  Inlet,  560  ;  Lower,  543  ; 
Top  American  Fall,  515  ;  Bottom,  350  ;  Lewiston,  248.5  ;  Lake  Ontario, 
346.5.     Rapids  fall  about  46  feet  in  three-quarters  of  a  mile. 

Purity  of  water  supply  may  affect  the  durability  of  turbines  by  com- 
parative wear,  and  does  seriously  effect  the  value  of  certain  productions, 
like  paper  i^ulp.  The  race  supply  differs  essentially  from  that  of  Bath 
Island  in  this  respect,  and  the  pulp  commands  a  better  market.  The 
depurative  effect  of  Lake  Erie  on  mechanical  and  organic  impurities  is 
important. 

Freight  facilities  :  With  seven  trunk  railways,  West,  South  and  East, 
and  with  river,  canal  and  lake  navigation,  direct  access  is  had  to  the 
best  supplies  of  timber  at  the  lowest  cost,  and  sharp  competition  exists 
for  receipt  and  delivery  of  mill  supplies  and  productions.  Railway 
rates  for  pulp  per  100  pounds  to  New  York,  13  cents  ;  Boston,  18  cents  ; 
St.  Louis,  15  cents  ;  Chicago,  13  cents  ;  Wilmington.  15  cents  ;  pulp  from 
Paterson  to  New  York,  17  miles,  9  cents  ;  paper,  Philadelphia  to  New 
York,  90  miles.  17  cents  ;  rates  from  Holyoke  nmch  liigher  than  Niagara. 
,  Labor  and  repairs,  for  the  same  reason,  can  be  promptly  and  cheaply 
had. 

Mill  and  machinery  are  of  the  best  type.  MiU  of  stone  work  on  rock 
foundations;  steel  shafting  ;  one  13,  one  54,  one  66  inch  "American" 
centre  vent  wheels  of  the  best  pattern  ;  Otis  patent  pulp  grinders  of  high 
efficiency  ;  electric  lights  ;  machines  of  the  best  pattern,  operated  day  and 
night,  except  Sundays, 

Inlet,  formed  by  a  wing-wall  built  into  the  rapids,  which  fall  18.44  feet 
in  0.234  mile,  above  it,  and  enter  with  chutes  of  17  to  20  feet  per  second 
velocity  ;  length  about  360  feet,  v>  idth  about  50  feet,  ordinary  flow  about 
72,000  cubic  feet  per  minute  ;  waste,  30,000  to  37,200  cubic  feet ;  capac- 
ity easily  increased  by  deepening  the  entrance. 

Race:  Supplied  from  inlet  by  9  gates,  6  of  4  feet  by  4|,  3  of  4  feet  by  5, 
seldom  fully  open  ;  length,  about  645  feet  ;  width,  30  to  25  feet  ;  depth, 
about  7|  feet ;  usual  current,  li  feet  per  second  ;  ordinary  use  for  power, 
51,000  to  41,000  cubic  feet  per  minute  ;  waste,  3,800  cubic  feet ;  capacity 
easily  increased.  Use  of  power  :  Lot  2,  51  feet  head,  5^  horse-power  :  No. 
4.  8  feet,  12  horse-power  ;  No.  6,  Si  feet,  18  horse-power  ;  No.  8,  12  feet, 
13  horse-power  ;  No.  10,  9  feet,  30  horse-power ;  No.  13,  9  feet,  10  horse- 
power ;  No.  16,  17i  feet,  435  horse-power;  Prospect  Park,  13  feet,  35 
horse-power;  wheels,  except  on  No.  16,  of  low  duty,  of  "  Tub,"  "  Flutter,'' 
^' Smith"  and  other  patterns,  from  30  to  30  per  cent.  duty.  Loss  of 
head,  inlets  to  pulp  mill  forebay,  inlet,  0.20  foot;  gates,  0.35 foot;  arches 
and  race,  0.55  foot  ;  total,  1  foot. 

Quantity  controlled  :  Under  the  grant  of  January  30,  1840,  each  lot  on 
this  race  was  entitled  to  "so  much  water  as  will  be  sufficient  by  a  pru- 
dent use  thereof,  to  drive  two  runs,  or  pairs  of  mill-stones,  upon  such 
water-saving  principles  as  are  usually  adopted  by  skillful  engineers  and 
builders." 

The  proper  interpretation  of  this  grant  was  the  key  to   the  contest 

*  A  bench  discrepancy  at  Albany,  between  the  Coast  Survey  and  United  States  Engi- 
neers, leaves  this  level  in  doubt ;  other  checks  make  it  nearly  as  given. 
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before  the  Referee,  and  on  the  supply  and  power  required  for  a  "  run  of 
stone"  in  1840,  the  following-  testimony  was  presented  : 

Run  of  stone  :  The  "shaft"  power  required  for  grinding,  depends  on 
careful  adaptation  of  their  structure,  forms,  weight  and  bearings  to  the 
work  ;  diameter,  or  rubbing  surfaces  ;  sharpness,  or  "  dress"  ;  durability 
of  surface  ;  coarseness  or  fineness  of  "set";  speed;  weight,  hard  and 
tough  or  soft  texture,  moisture  or  dryness  of  grain,  and  fineness  of  flour 
produced.  The  power  for  mill  machinery  in  elevating,  separating,  bolting, 
cleaning,  or  regrinding  the  grain  and  its  products,  is  additional,  and 
vai'ics  with  relative  perfection  of  design  and  workmanship,  and  amount 
of  work  required. 

Similar  pairs  of  buhr  stones  may  differ  at  times  33  per  cent,  in  duty 
(Emerson  Hyd.,  p.  297);  former  5  and  6  feet  diameters  are  reduced  to  4^ 
or  less,  to  reduce  friction  ;  neglect  of  dress  may  reduce  11^  bushels  per 
hour  to  5^  (D'Aubuisson  Hyd.,  p,  450).  One  run  in  five  or  six  is  generally 
idle  for  dressing  ;  16^  to  20  per  cent,  more  power  required  on  runs  at 
work  ;  old  speed  of  90  to  100  i-evoluticns,  or  high  speed  of  175.  modified 
to  150,  for  10  bushels  per  hour.  Weight  per  bushel :  Wheat  60  pounds, 
flour  40  ;  corn  56  pounds,  meal  55  ;  rye  56  pounds,  flour  22^  ;  oats  31 
pounds,  meal  16|  ;  with  corn,  as  standard,  44  per  cent,  more  or  45.7  less 
weight  in  grain,  and  61,  54,  or  40  in  flour.  Resistance  of  Dent  corn  or  red 
wheat  may  be  double'  that  of  softer  grain  ;  and  thin  shell,  hard,  spring 
wheat,  or  tough  shell  softer  winter  wheat,  differ  seriously.  Moisture  may 
add  22  per  cent,  resistance  ;  grade  of  flour  is  also  different.  So,  as  to 
extremes,  and  not  as  to  uniform  conditions.  D'Aubuisson  (p.  449)  con- 
cludes that  "with  the  same  fall,  water,  and  stones,"  or  power,  "the 
quantity  ground  may  vary  as  three  to  one." 

Since  1870,  the  purifying  and  regrinding  machinery  has  been  added, 
and  better  machinery  has  been  made  for  the  same  work. 

Usual  work  :  Taking  wheat  flour  as  standard,  the  power  per 
run  depends  on  the  quantity  ground,  for  which  a  moderate  standard, 
determined  from  a  large  number  of  mills,  was  taken  at  ten  bushels  per 
hour. 

The  shaft  power,  deduced  from  a  nvunber  of  cases,  for  the  best  modern 
mills,  for  ten  bushels  per  hour,  was  taken  as  a  minimum  at  7.5  horse- 
power for  grinding,  4.5  mill  naachinery,  wheel  (75  per  cent.)  4,  or  16 
"  water"  horse-power  tn  all. 

Mill  work  of  1840  :  Except  at  a  few  centres,  where  active  demand  jus- 
tified expensive  wheels,  pits  and  machinery,  much  less  perfect  wheels  and 
machinery  were  used,  and  greater  power  required. 

The  horse-power  standard  of  leading  authorities  in  mill-work  of  that 
day  was  above  that  of  the  present.  Buchanan's  Millwork,  1841,  uses 
44,000  foot-pounds  ;  Desagulier,  the  same  ;  Watt,  in  practice,  also  ;  Evans 
(Millwright's  Guide,  p.  117)  quotes  41,555  foot-pounds  British  test  ;  D'Au- 
buisson takes  40,202. 

About  1  horse-power  per  bushel  per  hour,  or  1.22  to  1.33  standard, 
has  been  generally  assumed  as  the  grinding  work  of  a  "  run." 

D'Aubuisson  assumes,  for  wheat,  1.29  horse-power  (standard),  for 
grinding  alone  ;  a  British  government  experiment  quoted  is  1.29  (stand- 
ard). 
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For  •'  water  "-power,  ten  cases  cited  by  him,  including:  mill  machinery, 
average  4.744  horse-power  per  bushel  for  33.8  per  cent,  average  wheel 
duty,  or  2.673  horse-power  at  60  per  cent.,  or  26.72  for  10  bushels  per  hour, 
this  being  the  duty  of  the  best  Lowell  wheels.  Among  these  cases,  Provi- 
dence mill^,  2.414  horse-power  per  bushel ;  Bayard,  Toulouse,  2.96  horse- 
power (wheel,  43  per  cent.),  and  a  number  of  United  States  mills  (from 
Evans)  of  3.14  average,  with  41  per  cent,  wheels. 

Evans  (p.  106).  5-foot  "  run,"  97  revolutions,  grinding  only,  2.56  horse- 
power "  water  ;"  p.  Ill,  2.61  horse-power  ;  p.  174,  overshot,  4.63  horse- 
power per  bushel  "  water,"  at  60  per  cent,  wheel,  2.778  horse-power 
*'  shaft." 

In  an  Oswego  case,  an  award  gave  with  a  Reynolds  wheel  (worth  about 
40  per  cent,  part  gate,  50  per  cent,  whole  gate),  38.59  horse-power  rate 
for  2,000  cubic  feet  on  10-foot  fall. 

This  gives,  for  grinding,  an  increase  from  7.5  horse-power  ''  shaft"  of 
best  modern  mills  to  12.5  to  26  ;  and  for  wheels,  runs  and  machinery,  an 
increase  from  16  to  24,^5.6,  26.1,  29.6.  31.4  and  47.4  horse-power,  with 
wheels  of  varying  duty  and  poorer  machinery. 

The  deduction  was  12  horse-power  wheel  (60  per  cent  ).  13  grinding 
and  5  machinery,  or  30  horse-power  in  all,  or  18  horse-power  "shaft  ;" 
ordinary  wheels,  not  over  half  this  duty. 

Local  conditions  :  In  connection  with  this  analysis  it  was  shown  that 
no  local  demand  existed  for  any  higher  cla«s  of  wheels  or  mdls  than 
those  used  for  this  or  similar  races,  and  any  "  skillful  "  engineer  would 
adapt  his  structures  to  their  uses  at  the  time  and  place.  With  one  rail- 
road, to  Lockport  only  ;  a  canal  not  enlarged  uatil  1852,  1,277  population 
in  1840  and  1,468  in  1850.  and  a  superabundance  of  water,  expe  sive 
wheels  and  pits  would  have  been  out  of  place.  Undershot,  tub.  scroll, 
and  wheels  of  that  class  were  generally  in  use,  with  16  to  33  per  cent. 
duty. 

Power  in  use  :  A  race  measurement  showed  10,350  cubic  feet  water  per 
minute,  used  with  3,  of  5  grinders,  operating  without  the  electric  wheel  on, 
for  a  virtual  fall  of  16J  feet  or  320  horse-power  water,  240  "  shaft ;"  full 
mill  use  would  take  about  400  horse-power  "  shaft,"  plus  12.23  for  light, 
the  rated  wheel  power  being  425. 

Judge  Peck's  decree  allots  for  the  original  head  of  8|  ft.  on  Hill  &  Mur- 
ray (increased  by  tliem  to  17^),  20  horse-power  "per  run  "  for  wheels  of 
30  per  cent,  duty,  or  4.152  cubic  feet  per  minute,  or  for  7  runs  29.064 
cubic  feet  per  minute.  For  wheels  of  75  per  cent,  duty  now  in  use,  this, 
at  16i  feet  head,  equals  about  679  horse  power. 

Value  :  In  the  testimony  on  this  point  it  was  claimed,  that  while 
water-piwers  have  no  common  "  market  value,"  in  the  sense  of  frequent 
advertisement  of  rates  and  transfers,  and  valuable  powers  were  scarce, 
the  actual  value  should  be  judged  by  the  local  conditions  above  named, 
and  by  the  rates  which  have  been  paid  at  similar  milling  centres  for 
similar  power,  as  at  Lowell,  Cohoes,  Holyoke,  Paterson,  Philadelphia, 
etc. 

The  old  standard  lease  rate  of  Lowell,  Lawrence,  Cohoes  and  Holyoke 
is  practically  about  $20  per  horse-power  "  shaft"  rent  per  year  for  mills 
us 'al'y  running  10  to  11^  hours  per  day.     At   the    "  Belvidere,"   Lowell, 
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from  1876,  the  time  is  limited  to  10  hours  ;  iu  these  cases  a  low  rate  is 
asked  to  induce  sales  of  lands  and  population  increase,  the  practical  rent 
of  Lowell  being  about  .|36.50  per  horse-power  at  the  mills.  The  "  Essex,' 
Lawrence,  and  other  mills,  let  rooms  and  power  at  $75  per  horse-power, 
room  additional  ;  8  cents  per  square  foot  sometimes. 

Mill  Power  Standai'ds. — Lowell :  Right  to  draw,  during  15  hours  in 
each  day  of  24,  25  cubic  feet  per  second,  at  upper  fall,  when  head  and 
fall  is  30  feet  (low  water  33  feet):  60.5  cubic  feet  on  13  feet  middle  fall 
(low  water  14  feet) ;  45.5  cubic  feet  on  17  feet,  lower  fall  (low  water  19 
feet) :  "  shaft"  power  taken  at  60  horse  power. 

Wamesit  dam,  Concord  River  :  27  cubic  feet  per  second  on  fall  21.89  to 
24.97  feet ;  average,  23i  feet  ;  time  limit.  Hi  hours.  Rated,  27  horse- 
power ;  price,  $2,750  rent. 

Lawrence  :  30  cubic  feet  per  second,  on  25  feet  head  and  fall,  limit  16 
hours  per  day,  varying  with  actual  fall,  less  1  foot.  Ordinary  summer 
fall,  28  to  29  feet. 

Cohoes  :  Orifice,  50  inches  by  2  inches,  under  3  feet  head  and  17  feet 
fall,  6  cubic  feet  per  second  ;  rent.  |300  ;  about  l|4  Lowell  power ;  3  falls 
of  20  feet,  virtual. 

Patterson  :  Orifice,  24  inches  by  6  inches,  3  feet  head  and  19  feet  fall, 
8^  cubic  feet  per  second,  21.19  horse-power  "  water,"  15.9  "  shaft"  ;  rent, 
$750,  $47.18  per  horse-power  "  shaft  ;"  3  falls  of  22  feet,  virtual. 

Manayunk,  Pa. :  3  feet  head  and  18  feet  fall,  24  hours,  $6  per  square 
inch  ;  $56.25  per  horse-power  "shaft." 

Birmingham,  Conn.:  1  square  foot,  5  cubic  feet  per  second,  12.5  horse- 
power, 12  hours  ;  rent,  $250,  $20  per  horse-power. 

Dayton,  O.:  15  inches  head,  233^  cubic  feet  per  minute,  1  run  or  power, 
3  falls  ;  300  cubic  feet  per  minute  on  12  feet  ;  5.25  horse-power  "  shaft ;" 
rent,  $200,  $38  per  horse-power.  On  the  "Lower  race,"  for  an  actual 
use  of  about  64  horse-power,  $1,815  rents  were  paid,  including  structures  ; 
one  tenant  paid  $550,  using  10  horse-power  about  ten  hours.  In  our 
water-supply  appropriations  for  cities,  our  notes  show  over  $100  per 
horse-power  i^aid  in  various  cases. 

Rentals  of  steam-power  much  exceed  those  of  water  ;  $2  and  $3  per 
week  are  common  rates  ;  the  Sears  estate,  Boston,  gets  $175  per  year  ; 
at  Lowell  the  lowest  price  is  $100,  and  the  "  Central  Pacific"  mill,  with 
1,000  horse-power,  steam,  prefers  to  pay  $60  per  horse-power  annual 
rate  for  extra  water,  for  "  months  together,"  to  running  its  engines 
(Sudbury  River  Case,  p.  73).  To  substitute  equal  steam-power,  in  another 
location,  would  cost  $21,250  annually  to  Hill  &  Murray,  or  $425,000, 
capitalized  at  5  per  cent. 

On  the  other  hand,  the  proprietors  of  the  Hydraulic  Canal,  having 
bought  it  for  a  small  sum,  to  induce  tenants,  have  made  several  very  low 
leases;  one  has  a  sliding  scale  of  $4  per  600  to  1,000  horse-power  up  to 
$5.30  for  250  to  300  ;  other  leases  are  $5  and  $10  ;  but  the  supply  is  not 
fully  maintained.  A  recent  applicant  has  been  charged  $25,  without 
guarantee  ;  and  I  am  retained  in  a  case  where  power  for  additional 
machinery  provided,  has  been  refused. 

Mr.  Herschel's  testimony  shows  :  Holyoke,  power  delivered  by  day 
15,000  horse-power,   night  8,000 ;   about   70  tenants  ;   investment   about 
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$3,000,000  ;  population  30,000  ;  day  and  night  price,  |40  per  horse  power. 
Hill  &  Murray  power  equal  to  8  Holyoke  mill-powers  each  of  60  horse- 
power "  shaft,"  worth  $30,000  each,  or  $240,000. 

My  valuation  was  for  a  minimum  of  320  horse  power  "shaft,"  at  )|40, 
$12,800  rent,  or  $256,000  capital,  at  5  per  cent.  Valuation  of  lands, 
$26,000  ;  mill,  $13,000  ;  machinery,  $30,000. 

The  State  award  was  $81,690  for  the  entire  claim,  of  which,  it  is  said, 
the  allowance  for  water-power  was  based  on  105  horse-power  at  $10.  This 
is  another  illustration  of  a  cm-ious  experience  in  public  works,  under 
which  men  of  the  highest  character,  individually,  when  acting  jointly 
sometimes  seem  to  mutually  disintegrate  the  plainest  conclusions  of 
duty  to  sufferei's  under  the  law  of  "  eminent  domain." 


THE  WELLESLEY  WATER-WORKS. 


By  Frank  L.  Fuller,  Member  of  the  Boston  t^ociEaY  op  Civil  Engineers. 
[Read  June  17, 1885.] 


Of  the  many  advantages  to  be  derived  from  a  pure  and  abundant  water 
supply,  but  little  need  be  said.  It  has  come  to  be  a  necessity,  not  only 
for  cities,  but  even  for  villages  and  country  towns.  Modem  mechanical 
appliances  and  improvements  have  made  it  so  easy  to  raise  water  from 
its  original  or  natural  level  and  distribute  it  through  pipes  of  proper  size 
to  all  parts  of  a  town  or  village,  that  water  under  pressure,  although  a 
luxury,  is  not  an  expensive  one. 

No  man  can  afford  to  dig  a  well  or  build  a  cistern,  when  for  the  interest, 
or  even  less  than  the  interest,  on  this  outlay,  he  can  have  all  the  water  he 
wants  by  simply  opening  a  faucet.  He  saves  the  annual  cost  of  repairs 
on  pumps  or  other  device  for  raising  the  water,  and  what  is  of  far  greater 
importance,  is  certain  that  it  is  not  contaminated  by  the  drainage  from 
his  own  or  neighbor's  house. 

In  hot  and  dusty  weather  the  sprinkling  of  streets  and  lawns  is  indeed 
a  luxury  ;  and  it  cannot  but  be  a  source  of  satisfaction  to  know  that  in 
case  of  fire,  there  is,  close  at  hand,  a  comparatively  inexhaustible  supply 
of  water  which  can  be  thrown  upon  the  highest  building.  Public  build- 
ings and  private  houses  can  be  so  supplied  with  hose  that  almost  imme- 
diately upon  the  discovery  of  fire,  water  can  be  thrown  upon  it. 

There  is  often  more  or  less  opposition  to  the  introduction  of  water  into 
a  town,  but  a  short  time  is  sufficient  to  convince  even  the  strongest 
opponent  of  its  advantage  to  a  community,  and  no  town  or  city  once 
having  enjoyed  these  benefits  could  be  induced  to  give  them  up. 

The  fii'st  work  in  the  way  of  engineering  was  done  in  the  spring  and 
early  summer  of  1883.  On  May  29,  the  first  test  or  driven  well  was  begun 
near  Charles  River,  just  below  the  dams  at  Newton  Lower  Falls.  The 
object  was  to  find  a  locality  where  the  soil  should  be  of  such  a  coarse, 
gravelly  nature  as  to  give  indications  of  a  good  supply  of  ground  water 
or  water  filling  the  interstices  of  the  soil.  Four  test  wells  were  driven 
at  the  locality  mentioned,  but  the  indications  were  not  altogether  favor- 
able.    On  June  7,  a,  fifth  well  was  begun  at  Wellesley,  near  Charles  Rive^, 
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S.  W.,  and  not  far  from  "  Waban  Valley  Bridge,"  on  the  New  Sudbury 
River  conduit.  The  yield  of  water  at  this  point  was  good,  especially  after 
reaching  a  depth  of  twenty  feet,  but  the  material  was  almost  entirely 
quicksand,  and  there  seemed,  in  the  minds  of  some,  to  be  a  possibility  of 
endangering  the  abutments  and  piers  of  the  bridge  by  doing  anything 
which  might  set  the  sand  in  motion.  During  the  driving  of  these  wells* 
accurate  levels  were  taken  over  that  portion  of  the  town  where  it  was 
expected  pipes  would  be  laid.  The  following  were  determined  later,  and 
are  perhaps  the  only  ones  of  general  interest : 

Charles  River  at  pumping  station 65  0 

Floor  of  piiin ping  station' 72.0 

Centre  of  water-gaupe  in  engine  room  pumping  station 78.92 

High  water  in  reservoir .324.0 

T"p  of  reservoir  bank 328.0 

Floor  of  reservoir  gate  house 329.4 

The  base  adopted  was  mean  low  water  in  Boston  Harbor,  which  could 
be  easily  obtained  from  benches  on  the  new  Sudbury  River  conduit, 
which  passes  through  the  town. 

During  the  autumn  of  the  same  year  (1883),  the  Water  Committee  made 
an  excavation  about  10  feet  square  and  5  feet  deep,  about  65  feet  fiom 
Charles  River.  This  was  at  a  point  about  1,000  feet  further  north  than 
the  test  wells  before  spoken  of.  As  tested  by  pumping,  they  found  the 
yield  to  be  at  the  rate  of  about  225,000  gallons  in  24  hours. 

During  the  latter  part  of  January,  1884,  it  was  decided  by  the  Water 
Commissir>ners  who  had  been  chosen,  to  drive  test  wells  near  Charles 
River,  near  the  excavation  which  had  been  made,  and  between  the  dates 
of  February  11  and  20  seven  we!ls  were  driven.  The  method  follov^ed 
was  to  first  drive  an  open  end  pipe  2^  inches  in  diameter,  the  lower  end 
of  which  had  been  properly  hardened,  by  means  of  a  block  of  cast  iron 
weighing  abo  it  112  pounds.  Attached  to  this  block  was  an  iron  rod  about 
an  inch  in  diameter  and  four  feet  long,  which  moved  up  and  down  inside 
the  pipe,  acting  as  a  guide  as  the  iron  block  or  hammer  was  raised  and 
allowed  to  drop  This  was  done  by  means  of  shears  placed  over  the  spot 
where  it  was  desired  to  drive  the  pipe.  To  the  shears  was  attached  a 
tackle,  by  means  of  which  two  men  lifted  the  iron  hammer  two  or  three 
feet,  and  suddenly  dropping  it,  drove  the  pipe  into  the  ground.  After 
driving  from  one  to  four  feet,  according  to  the  soil,  the  material  inside 
the  pipe  was  removed  for  inspection,  by  introducing  a  IJ-inch  pipe  to 
which  was  attached  a  pump. 

By  means  of  a  force  pump,  placed  near  the  river,  water  was  pumped 
through  hose  into  the  space  between  the  large  and  small  pipes,  and  the 
material  in  the  former  pumped  out  in  a  semi-fluid  condition. 

In  this  manner  very  coarse  gravel  and  pebbles  could  be  raised.  A  drill 
was  also  used  where  the  material  was  very  coarse.  It  was  so  made  that 
water  could  be  forced  through  it,  and  by  raising  and  turning  it  by  means 
of  a  cross-head,  the  material  was  lof  sened  and  forced  out  by  the  water. 

A  sufficient  number  of  samples  from  each  of  the  wells  driven  were  pre. 
served  for  comparison  and  jeference.  Some  of  the  wells  driven  at  the 
locality  mentioned  were  satisf actc ry,  but  as  a  general  thing  the  indica- 
tions were  that  the  material  was  largely  quicksand,  and  to  that  extent 
not  desirable. 
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Four  test  wells  were  then  diiven  on  land  south  of  the  Cochituate  aque- 
duct Bridge.  The  soil  proved  stiff  and  compact,  and  ledge  was  found 
at  from  11  to  20  feet  feet.  This  location  not  proving  satisfactory,  the 
next  wells  were  driven  a  little  higher  up,  near  Charles  River.  Five  wells 
were  driven  on  the  south  side  of  the  brook  from  Longfellow's  pond,  not 
far  from  Charles  River.  Eight  wells  were  then  driven  on  the  north  side 
of  the  brook,  and  March  25  an  excavation  of  16  X  lOi  was  besun.  By 
means  of  street  piling  this  was  carried  down  about  13|  feet.  A  6-inch 
Heald  and  Sisco  centrifugal  pump  was  used  for  puuiping  the  water  out, 
and  as  nearly  as  could  be  computed  from  rather  rough  measurements, 
which  were  the  best  at  our  command,  the  yield  was  at  the  rate  of  about 
100,000  gallons  in  24  hours. 

April  23  the  Commissioners  decided  to  locate  the  filter  well,  as  it  is 
now  built,  on  the  northvvest  side  of  the  brook  from  Longfellow's  pond, 
and  about  400  feet  from  Charles  River.  An  examination  of  the  banks  of 
Charles  River  at  Weilesley,  between  the  Needham  and  Wellesley  line  and 
Wabau  Valley  Bridge,  was  made,  but  no  test  wells  driven.  April  25 
the  filter  well  was  staked  out,  and  work  begun  by  days'  labor.  After  the 
excavation  had  been  carried  down  to  a  depth  of  about  20  feet,  it  was 
inclosed  with  a  heavy  dry  stone  wall,  5  feet  thick  at  the  bottom  and  2| 
at  the  top.  The  width  at  the  bottom,  11  feet,  and  at  the  top,  12; 
the  length  63  feet.  Through  the  openings  in  this  well  the  water 
enters  as  well  as  at  the  bottom.  At  the  northerly  end  is  located 
the  pump  well,  5  X  10  feet.  It  is  of  brick  work  20  inches  thick, 
and  is  connected  with  the  filter  well  by  means  of  a  20-inch  gate. 
An  8-inch  pipe,  with  a  gate  of  the  same  size  connected  with  it, 
was  laid  through  the  west  end  of  this  well  to  connect  with  an  8-inch 
pipe  line  to  a  spring  about  900  feet  southwest  on  land  bought  of  the 
heirs  of  Nancy  C.  Williams.  An  8-inch  quarter  bend  and  a  piece  of  8-inch 
pipe,  reaching  nearly  to  the  bottom  of  the  pump  well,  forms  the  lower 
end  of  a  siphon,  which  when  completed  will  furnish  an  additional  sup- 
ply to  the  pumping  engine.  At  the  south  end  of  the  filter  well,  between 
it  and  the  brook,  is  a  small  screen  well,  3  feet  X  6  feet,  into  which  the 
water  of  the  brook  can  be  admitted  through  an  8-inch  pipe.  Alter  pass- 
ing through  a  copper  wire  screen,  a  second  b-inch  pipe  allows  it  to  pass 
into  the  well.  Both  of  these  pipes  are  ordinarily  closed  by  an  8-inch 
gate  on  each  pipe.  A  third  pipe,  6  inches  in  diameter,  from  this  well 
supplies  water  to  the  condenser  of  the  pumping  engine.  The  filter  well 
is  covered  by  a  brick  arch  12  inches  thick,  12  feet  9  inches  span,  and  4 
feet  6  inches  rise.  The  pump  and  screen  wells  and  two  man-hole  open- 
ings for  entering  the  filter  well  are  covered  with  heavy  flagging  stone. 

April  23.  1884,  the  centrifugal  pump  was  set  up  at  an  excavation  which 
had  been  made  at  the  spring  before  refeired  to,  on  the  Williams  land. 
This  excavation  was  about  18  feet  X  29  feet  at  the  water  surface,  and 
about  6  feet  deep.  The  water  was  pumped  into  a  large  box,  in  one  side 
of  which  was  placed  a  weir  for  measuring  the  flow.  It  was  found  diffi. 
cult  to  so  regulate  the  engine  as  to  keep  the  water  at  the  same  level  in 
the  excavation  for  any  length  of  time,  in  order  to  estimate  the  yield  of 
the  sj  ring.  As  nearly  as  this  could  be  done,  it  was  found  to  be  at  the 
rate  of  3^0.000  gallons  in  24  hours.     The  material  that  was  excavated  was 
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clean,  coarse  gravel,  and  the  appearance  indicated  a  permanent  and 
plentiful  supply  of  water.  The  water  is  perfectly  clear  and  colorless,  and 
has  a  temperature  of  48°.  A  weir  was  put  in,  and  the  natural  flow  of 
the  spring  found  to  be  87,000  gallons  in  34  hours.  By  sinking  a  proper 
well  at  this  point,  a  large  supply  can  be  obtained. 

PIPE, 

Specifications  for  cast-iron  water  pipe  and  for  laying  the  same  were 
prepared,  and  proposals  invited  by  advertising.  On  May  20.  the  date 
fixed,  21  bids  for  laying  and  four  for  furnishing  pipe  were  received.  The 
bids  for  laying  pipe  ranged  from  $16,465  to  $52,507.  The  bids  for  fur- 
nisliing  pipe  varied  from  $58,280.11  to  $65,283. 

On  July  7,  the  contracts  for  furnishing  and  laying  about  1,500  tons  of 
pipe  were  awarded  to  John  T.  Langford,  of  Newton,  at  the  following 
prices  : 

Cast-iron  pipe,  per  gross  ton $36.00 

Special  castings 67.00 

La.ying  12-inch  pipe,  per  lineal  foot 36 

10-inch    '•                "               30 

8-inch    "                "               25 

"          6-iiich    "                " 20 

•'         4-inch    "               '•               17 

which  prices  include,  according  to  the  specifications,  the  setting  of  all 
gates,  hydrants,  special  castings,  bridge,  brook  and  railroad  crossings. 

Some  difficulty  was  experienced  in  obtaining  pipe  from  the  foundries 
as  promptly  as  was  desired.  Mr.  Langford,  by  using  a  quantity  of  pipe 
he  had  on  hand,  and  laying  the  first  pipe  in  the  ledgy  portions  of  the 
town,  was  able  to  begin  pipe-laying  August  4.  All  of  the  pipe,  except 
that  first  mentioned,  was  from  the  foundry  of  A.  H.  McNeal,  Burlington, 
N.  J.  The  first  pipes  were  cast  about  August  1.  The  pipe  has  so  far 
proved  to  be  of  the  best  quality.  But  four  leaks  were  discovered  in  a 
length  of  13.18  miles  on  letting  on  the  water  and  submitting  the  pipe  to 
a  pressure  of  200  lbs.  per  square  inch  at  the  pumping  station,  and  only 
only  one  was  from  a  cracked  pipe.  The  specifications  required  a  tensile 
strength  of  16,000  lbs.  per  square  inch.,  with  the  provision  that  bars  1 
inch  square,  taken  as  often  as  required,  should  be  furnished  by  the 
manufacturer  for  use  in  testing.  This  was  not  required.  The  following 
figui'es,  from  tests  made  at  the  foundry,  show  that  the  iron  considerably 
exceeded  the  strength  called  for  : 

TENSILE  STRENGTH  OF  CAST-IRON  AS  DETERMINED  AT  FOUNDRY  OF  A    H .  MC  NEAL. 


August— Highest 24,3."0 

Lowest 19,380 

Av.  of  23  specimens.  22,213 


Sept.-Highe.st 24,850  |  At  highest 25,700 

Lowest     18,680  I    '-lowest 20.000 

Av.  of  20  specimens.  22,781     Av.  of  25  specimens    22,917 


The  special  castings,  consisting  of  Ts,  Ys,  bends,  reducers,  gate  boxes, 
etc  ,  were  furnished  by  the  Builders'  Iron  Foundry,  of  Providence,  R.  I., 
and  were  of  excellent  quality.  The  pipes  are  laid  generally  on  the  north 
side  of  streets  running  east  and  west,  and  on  the  east  side  of  streets  run- 
ning north  and  south.  River  screet  is  an  exception  ;  there  being  no 
houses  on  the  north  side,  the  pipe  is  laid  on  the  south  side.  On  wide 
streets,  the  pipe  is  generally  laid  about  15  feet  from  the  street  line  ;  on 
narrow  ones,  it  is  from  10  to  13  feet  away.  There  is  generally  more  sun 
on  the  north  and  east  sides  of  streets,  and  the  frost  does  not  go  as  deep. 
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The  gas  pipes  as  laid  in  the  town  of  Wellesley  are  on  the  south  and  west 
sides,  and  are  therefore  avoided  in  digging  trenches  for  water  pipe.  All 
pipes  are  laid  with  a  covering  of  five  feet  to  top  of  pipe. 

The  length  and  size  of  pipes  and  the  streets  in  which  they  are  laid,  are 
shown  by  the  following  table  : 


Street. 

12  inches. 

1 0  inches 

8  inches. 

6  inches. 

4  inches . 

Total. 

A.lleu 

657.5 

6.57.5 

5,804.4 

70.3 

12.0 

853  0 

1,388.0 

■2,045.5 

'1,512.5 

5,804.4 

1,998.0 
780.0 

3,. 580. 8 

Cellar  to  pumping  station. . 

1,058.0 

792.0 
1,910.0 

Chestnut 

"1,393.2 
'"  93'7.'5 

1,388.0 

1,393.2 

Cottage 

2,045,5 

Elm '> 

937.5 

Everett 

253.4 
1,322.5 
1,451.7 
1,066.8 

253  4 

1,3.'2.5 

1,451.7 

Front 

1,066  8 

Glen  Road 

1,618.5 

2,301 .9 

1,303.8 

949.3 

1,618.5 

3,711. b 

3,711  6 

2,301 .9 

1,303.8 

Linden 

"  1,4  61 .4 

35.0 

15-'. 2 

850  1 

255.0 

1,923.8 

1,038.7 

1,130.1 

45.6 

6,347  7 

73.2 

2,960.5 

2,809.1 

984.3 
1,013.6 

850.1 

Private  way  near  J.  Beck's. 

255.0 

1,923.8 

Rockland 

1,038.7 

Walnut      

3,705.0 

4,835.1 

Washburn 

45.6 

Washington 

Wellesley  avenue 

3,873.0 

7.601.5 

2,815.2 

20,637.4 
73.2 

Woodlawn  avenue 

2,960.5 

2,809.1 

11,817.4 

3.24 

17 

7,601.5 

1.44 

11 

4,530.7 
0.86 

7 

35,599.2 

6.74 

51 

10,016.7 

1.90 

14 

69,565.5 

Total  in  miles 

1.3.18 

Per  cent 

100. 

TABLE   OF   THICKNESS,   WEIGHT,   JOINT   ROOM,    ETC. 


Inside  di- 
ameter  in 

Class. 

Joint    room 
in 

Depth  of 
socket     in 

Depth  of  lead. 
Inches. 

Weight    per 
foot. 

inches. 

inches. 

inches. 

Lbs. 

12 

A 

.5 

3.5 

2H, 

70 

12 

B 

.0 

3.5 

2]4 

77 

12 

C 

..3 

3.5 

2M 

85 

10 

.0 

3.5 

2J4 

65 

8 

.4 

3.5 

2 

45 

6 

A 

.4 

3.0 

2 

31 

6 

B 

.4 

.1.0 

2 

33 

4 

.4 

3.0 

2 

20 

The  weights  are  proportioned  to  the  pressure  ;  the  lighter  weights  of  12 
inches  are  on  Maugus  Hill,  where  the  head  is  least,  and  the  heaviest  at 
the  lower  level  toward  the  pumping  station.  Class  B  of  the  6  inches  is 
laid  at  the  Lower  Falls,  where  the  pressure  is  greatest.  But  one  class  of 
4  inches  was  used,  that  being  considered  heavy  enough  for  any  part  of 
the  town. 

GATES. 

The  system  of  distribution  is  well  divided  into  sections  by  the  use  of 
stop  gates.     They  are  to  be  used  in  shutting  off  the  water  in  case  of  acci- 
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dent,  repairs  and  extensions.  They  have  been  arranged  to  do  this  by 
shutting  off  as  few  takers  as  possible.  Their  locations  are  shown  by 
detail  plans,  which  also  show  the  plugged  branches  put  in  for  future 
extensions.  The  following  is  the  total  number  of  each  size  used  :  1  20- 
inch,  7  12-inch,  4  10-inch,  7  8-inch,  41  6-inch,  15  4-inch.  They  are  mostly 
of  the  Ludlow  pattern,  a  few  Chapman  having  been  used.  No  trouble 
in  the  working  of  either  has  so  far  been  experienced. 

HYDRANTS. 

All  hydrants  are  of  the  Ludlow  pattern,  made  at  Troy,  N.  Y.  There 
are  four  with  four  2|-inch  nozzles,  having  independent  gates.  Two  are 
at  Lower  Falls,  one  at  Wellesley  Hills,  and  one  at  WeUesley  Square.  The 
remainder  have  two  2i-inch  nozzles  for  hose  connections.  Most  of  them 
have  a  4-inch  inlet  gate  and  stand  pipe  5f  inches  internal  diameter.  A  few 
have  a  5-inch  inlet  and  a  7-inch  stand  pipe.  The  location  of  all  hydrants 
thus  far  set  and  the  pressure  when  the  reservoir  is  full  is  given  below. 
There  are  in  all  67  hydrants,  five  of  them  being  private. 

LOCATION   OF  AND   PRESSURE   AT   HYDRANTS. 

Pressure  due  to  full  reservoi'-,  given  ia  lbs.  per  sq.  inch. 

Blossom  st. ,   near  Washington   st 73 

"  "         "      J.T.Johnstone's 73 

"      I.M.Jones' 69 

"      J.A.Porter's 70 

'■  "       corner  Worcester  st 73 

Cedar       "  "  "        "  91 

"  "       near  Oliver  Morse's 98 

"  "      W.  R.  Dimond's 90 

*'  "  "      Pumping  station 109 

Central  ave. ,     ' '      Hunnewell  school 76 

Chestnut  st.,     "      I.  Nash's 53 

Columbia  "       "      George  Springs 109 

Cottage     "       "      Shoe  shop 74 

"       "      H.  A.  Fisher's 83 

Elm  "       "      H.  McLeod's 66 

Everett      "       "      Town  Hall 76 

Florence  ave.,  "      B.  F.  Parker's 40 

Forest        ' '      corner  Washington  st 70 

"  "  "      Seaver  " 79 

Front        St.,  "      Curve  " 71 

"  "       near  East  end 68 

Glen   Road,      corner  Washington  st 103 

near  E.  H.  Whitney's 99 

Grove       st.,       "      Dana  Hall 83 

•  "  "       opposite  Cottage  st 80 

"  "       corner  Beuvenue   " 69 

Kingsbury  st. ,     "       Washington  st 77 

"     near     J.Welch's 73 

"  "    corner  Worcester  st 73 

Laurel      ave.,  near     D.  W.  Cunningham's 79 

Linden     st.         ' '         J.  G.  Abbott's 74 

Maugus    ave.,    "         F.  F.  Baldwin's 63 

Oakland  st.,     corner  Washington  st 66 

"  "  "        Worcester      " 53 

"  "        near     Geo.  W.  Hollis' 46 

River        "  "        J.  Pulsifer's  shop 115 

"  "  "        Mrs.  Fitzgerald's 113 

Walnut    "  "        Charles  River 109 

"  "  ''        Mrs.  Joy's,  4-way 101 

Arch  Bridge 90 

G.N.Smith's 69 

Washburn  st. ,  corner  Walnut  st 68 

Washington  st. ,  near  Lowei-  Falls,  railroad  station 114 

"  "        "      Crescent  st 83 

'•  "        "      W.  F.  Norcross' 64 
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Washington  st. ,   opp.  Wellesley  Hills  Cong.  Chui-ch 68 

"  "      near  Maugus  ave 74 

"  "        "    Wellesley  Hills  railroad  station 75 

"  "         "     Charles  Kingsbury's 75 

"  "         "     A.  H.  Huok\s 76 

"  ■'      at     Wellesley  Square,  4-way 80 

"  "      nearE.  F.  Wiswall's 75 

"  "        "    J.Gray's 73 

"  "        "    Waban  Brook 87 

"  "        "    H.  H.  Hunnewell's 75 

"  "        "    Pond  Road 83 

Wellesley  ave. ,  cor.  Washington  st 83 

Woodlawn  "     near  Thos.  Cogswell's 68 

"  "        "    J.  E.  Fiske's 67 

Worcester  st. ,     cor.  Washington  st. ,  4-way 70 

"  "       opp.  Chestnut  st 69 

"  "       Rockland          " 53 

PRIVATE. 

Billings,  Clapp  &  Co.'s  yard 119 

R.  T.  Sullivan's  yard  118 

Dudley  Hosiery  Co.'s  yard.  No.  1 114 

"    3 115 

"    3 - 116 

RESERVOIR. 

August  19, 1884,  ground  was  broken  for  the  reservoir.  The  stumps,  roots 
and  light  materials  were  removed  from  an  area  somewhat  larger  than 
tliat  to  be  covered  by  the  reservoir.  The  stumps  were  piled  together,  to 
be  burned  when  dry.  The  loam  and  light  materials  were  piled  where 
they  would  be  convenient  to  use  in  soiling  the  outside  of  the  slopes.  As 
soon  as  the  site  had  been  cleared  of  stumps,  soil,  etc.,  an  estimate  was 
made  of  the  amount  removed,  and  the  excavation  for  the  reservoir  was 
begun  Sept.  8.  The  grade  of  the  top  of  the  banks  had  been  so  fixed  that 
the  excavated  material  should  as  nearly  as  possible  make  the  embank- 
ments without  having  to  borrow  extra  material  or  to  waste  any  of  that 
excavated. 

The  reservoir  is  located  a  little  to  the  north  of  the  highest  point  on 
Maugus  Hill,  about  1,500  feet  from  "Washington  street.  The  hill  is  well 
located  to  answer  the  purpose  of  a  reservoir  site,  being  of  good  elevation 
and  very  accessible.  The  reservoir  is  133  feet  6  inches  square  at  the  top 
and  73  feet  6  inches  at  the  bottom.  At  both  top  and  bottom  the  corners  are 
rounded  by  circles  10  feet  in  radius.  High  water  is  16  feet  above  the 
bottom  of  the  t8-inch  square  inlet  at  the  rear  of  the  gate  chamber,  and  the 
contents  when  the  water  is  at  this  level  are  1,151,573  gallons. 

The  general  arrangement  of  the  reservoir  is  shown  by  the  plan.  The 
12-inch  force  main  passes  through  the  embankment  at  a  grade  of  about 
one  foot  in  100,  so  that  when  the  reservoir  is  drawn  down,  the  force  main 
can  also  be  entirely  emptied  by  opening  the  hydrant  on  Maugus  avenue. 
As  shown  on  plan,  the  top  of  embankment  is  at  grade  328  above  mean 
low  water,  Boston  Harbor,  or  Boston  city  base,  and  the  bottom  at  the 
sides  at  308.  The  banks  are  15  feet  wide  on  top.  The  inside  slope  is  1^ 
horizontal  to  1  vertical,  or  at  an  angle  of  33  deg.  41  min.  with  the  hori- 
zontal. The  outside  slope  is  2  to  1 — that  is,  2  horizontal  to  1  vertical,  or 
at  an  angle  of  36  deg.  34  min.  with  the  horizontal.  The  outside  is 
covered  with  the  loam  removed  from  the  reservoir  site,  and  seeded  down 
to  lawn  grass.  The  inside,  when  the  excavation  had  been  carefully 
dressed  to  line  to  give  the  exact  slope  on  the  sides  and  rounded  corners, 
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was  covered  with  a  layer  of  10  inches  of  concrete,  made  ot  2^  parts  of 
broken  stone  or  screened  gravel  to  1  part  of  cement  mortar,  made  of  1 
part  of  F.  O.  Norton's  cement  to  2  parts  of  sand,  or  in  the  proportion  of 
1.  2,  li.  Over  the  concrete  is  a  layer  of  broken  stone  six  inches  in  thick- 
ness, and  over  this  was  carefully  laid  the  stone  slope  paving,  13  inches  in 
thickness.  The  concrete  is  for  the  purpose  of  making  the  banks  water- 
tight, and  prevents  the  water  from  washing  dv>wn  and  into  the  reservoir 
the  clayey  material  of  which  the  banks  are  composed.  The  broken  stone 
and  stone  paving  protect  the  concrete  from  frost  and  the  wearing  effect 
of  ice  in  winter  and  the  wash  of  the  waves.  On  three  sides — the  east, 
north  and  west — the  concrete  is  carried  into  the  bank,  as  shown  on  sec- 
tional view  of  reservoir  bank.  The  bottom  of  the  6-inch  horizontal  layer 
is  at  grade  319.5,  or  4^  feet  below  high  water,  and  is  carried  into  the  bank 
10  feet  to  the  face  of  the  priming  wall.  This  wall  is  18  inches  thick  and 
5  feet  high,  its  top  being  6  inches  above  high  water.  The  wall  on  the 
north  side  was  built  of  concrete ;  that  on  the  east  and  west  sides  of  small 
stone  carefully  laid  in  cement.  This  wall  was  everywhere  plastered  on 
its  inside  face  with  ordinary  cement,  and  then  received  a  wash  of  pure 
Portland  cement  applied  with  a  brush,  to  make  it  as  nearly  water-tight 
as  possible.  After  the  horizontal  layer  of  concrete  and  the  priming  wall 
had  had  time  to  set,  the  required  filling  was  put  in  and  well  rammed  by 
hand.  This  earth  filling  and  the  broken  stone  and  stone  paving  will  pro- 
tect the  concrete  and  priming  wall  froai  frost,  if  the  water  is  kept  well 
up  to  high-water  line,  which  should  be  done  during  cold  weather. 

In  future  years,  as  the  consumption  increases  and  it  becomes  necessary 
to  pump  daily,  the  amount  of  ice  in  the  reservoir  will  probably  be  de- 
creased by  the  comparatively  warm  spring  water  pumped  in.  The 
bottom  is  covered  with  6  inches  of  concrete,  which  slopes  in  all  directions 
toward  the  6-inch  drain  pipe,  put  in  for  the  purpose  of  draining  the 
bottom  when  it  becomes  necessary  to  clean  the  reservoir.  The  12-inch 
force  main  passes  through  the  gate  chamber  and  discharges  about 
38  feet  from  the  gate  house.  A  one-eighth  bend  turns  the  current 
slightly  upward,  away  from  the  bottom,  and  offers  but  little  additional 
resistance.  In  the  gate  chamber,  which  is  9  feet  2  inches  by  8  feet  6 
inches  inside  at  the  bottom,  there  are  two  12-inch  check  valves  and 
one  12-inch  gate,  all  connected  with  the  12-inch  force  main.  There 
are  also  two  6-inch  gates  connected  with  the  6-inch  drain  or  waste  pipe. 
These  are  all  shown  on  the  plans.  As  the  water  is  forced  toward  the 
reservoir,  it  pushes  open  the  check  valve  which  is  on  the  line  of  the  force 
main  ;  and  when  there  is  no  pressure  toward  the  reservoir,  the  valve  falls 
upon  its  seat  and  prevents  any  water  returning  through  it.  At  the  same 
time  the  pressure  has  been  opening  the  first  check  valve,  it  has  kept 
firmly  closed  the  second,  which  is  cormected  to  the  force  main  by  a  T 
just  before  reaching  the  first  check  valve,  and  is  at  right  angles  to  it. 
The  second  valve  only  opens  when  the  pressure  is  from  the  reservoir, 
being  hung  to  swing  in  somewhat  the  opposite  direction. 

In  the  rear  of  the  gate  chamber  is  an  opening  in  the  brick-work  18 
inches  square,  which  can  be  opened  or  closed  by  means  of  a  sluice  gate, 
which  is  moved  by  means  of  an  iron  rod,  which  has  a  screw  cut  upon  it, 
and  a  hand-wheel  in  the  gate  house.     Between  this  opening,  through 
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which  all  the  water  leaving  the  reservoir  must  pass,  and  the  second 
check  valve,  through  which  it  enters  the  pipes  again,  are  two  sets  of 
copper  wire  screens  of  No.  17  wire,  J  inch  mesh.  There  are  four  separate 
screens  in  each  set,  so  arranged  that  they  can  be  raised  and  cleaned. 
This  makes  it  impossible  for  any  water  to  return  to  the  pipes  without 
passing  through  the  screens,  and  of  course  prevents  any  leaves  or 
other  refuse  entering  the  distribution  from  the  reservoir.  The  check 
valves,  sluice  gate,  screens,  hand-wheels  and  stands  for  the  same  were 
furnished  by  the  Coffin  Valve  Co.,  of  Boston,  and  are  of  thorough 
and  substantial  workmanship.  Three  stay  or  cross-walls  of  masonry 
are  built  across  the  trench  and  around  the  pipe  near  where  the  pipe  line 
leaves  Maugus  avenue.  These  walls  are  some  distance  apart,  and  serve 
to  intercept  the  water  following  down  the  pipe  line,  which  is  carried  by 
drain  pipe  laid  diagonally  across  the  street  to  the  gutter  on  the  west 
side.  In  case  of  a  break  above,  these  walls  would  in  some  measure 
prevent  the  damage  and  danger  from  wash  that  wouklbe  likely  to  occur. 
The  brick  walls  of  the  gate  chamber  are  16  inches  thick,  laid  in  cement. 
At  grade  328.4,  or  0.4  above  the  the  top  of  the  embankment,  the  walls 
are  reduced  on  the  inside  to  13  inches,  which  is  the  thickness  of  the  gate 
house.  On  the  inside,  the  gate  house  is  9  feet  10  inches  X  9  feet  2 
inches,  and  on  the  outside  11  feet  10  inches  X  H  feet  3  inches.  The  grade 
of  the  floor  is  329.4,  or  5.4  above  high  water.  The  gate  chamber  and  gate 
house  are  of  good  quality  hard-burned  brick.  The  gate  house  is  built  at 
the  foot  of  the  inner  slope  of  the  reservoir,  and  is  connected  with  the  top 
of  the  bank  by  a  bridge. 

PUMPING   STATION. 

Plans  and  specifications  for  a  brick  and  freestone  building  to  contain 
pumping  engine  and  boilers,  and  also  a  chimney  80  feet  high,  were  prepared 
by  Mr.  E.  N.  Boyden,  architect,  Boston.  October  4,  ten  bids  were  received 
for  furnishing  all  materials  and  doing  all  the  labor  required  in  erecting 
building  and  chimney,  ranging  from  $5,109  to  $6,575.  The  lowest  bidder 
was  W.  E.  Scribner,  of  Aubui-ndale,  and  he  was  awarded  the  contract. 
Some  delay  was  experienced  in  receiving  the  granite  base.  Work  was 
begun  in  October,  and  progressed  fairly  until  its  completion. 

The  engine  room  is  37  feet  8  inches  X  39  feet  10  inches  inside,  and  the 
boiler  room  33  feet  X  38  feet.  The  chimney  is  8  feet  4  inches  square 
at  the  base,  and  has.  a  foundation  and  belt  course  of  granite.  The  foun- 
dation is  12  feet  square  and  8  deep.  It  has  a  round  core  32  inches  in 
diameter.  The  top  is  capped  with  a  heavy  course  of  freestone,  over 
which  is  set  an  iron  cap  5  feet  square,  with  opening  same  size  as  core. 
The  engine  room  is  made  large  enough  to  accommodate  an  additional 
pumping  engine  when  it  shall  be  needed. 

Just  outside  the  building  on  the  force  main  is  a  13-inch  check  valve, 
which  closes  when  the  pump  is  not  at  work,  and  relieves  it  of  pressure. 
Connected  with  it  is  a  Y,  one  branch  of  which  is  plugged  until  another 
pumping  engine  is  required,  as  explained  above.  Then  another  check 
valve  will  be  attached  to  the  now  plugged  branch  of  the  Y  and  13-inch 
pipe  connect  it  with  the  new  pump.  The  present  check  valve  is  in  a 
small  brick  chamber,  so  as  to  be  easily  accessible.  Beyond  the  check 
valve,  60  feet  from  the  building,  is  a  13-inch  gate,  which  can  be  closed 
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when  it  is  necessary  to  repair  check  valve  or  the  hydrant  near  by.  The 
walls  of  the  engine  room  are  14  inches  thick,  with  a  2-iuch  air  space. 
The  boiler  room  walls  are  12  inches  thick  and  solid.  The  foundation 
walls  of  the  building  are  2  feet  thick,  and  vary  from  5  to  7  feet  deep. 
All  were  built  of  ledge  stone. 

PUMPING   MACHINERY. 

This  consists  of  one  compound  condensing  duplex  pumping  engine, 
made  by  the  Geo.  F.  Blake  Manufacturing  Co.,  of  Boston  ;  high-pressure 
steam  cylinder,  12  inches  diameter ;  low-pressure  cylinder,  23  inches  ; 
water  plunger,  10  inches ;  length  of  stroke,  18  inches.  It  has  an  inde- 
pendent air  pump  and  condenser.  Each  stroke  displaces  5.89  gallons, 
and  therefore  to  pump  1,000,000  gallons  in  24  hours,  its  capacity,  there  are 
required  117  strokes  per  minute,  or  a  piston  speed  of  88  feet  per  minute. 

The  boiler  room  contains  two  horizontal  boilers,  made  by  the  Whittier 
Machine  Co.,  of  Boston.  They  are  each  16  feet  long,  60  inches  in  diam- 
eter, and  have  80  tubes  2|  inches  in  diameter,  15  feet  long.  If  the  heating 
surface  is  taken  as  the  area  of  one-half  the  shell  and  the  whole  interior 
area  of  the  tubes,  it  amounts  to  982  square  feet.  On  the  basis  of  15  square 
feet  of  heating  surface  per  horse-power,  they  are  of  65.4  horse-power. 

The  power  required  to  pump  1,000,000  gallons  into  the  reservoir  in  24 
hours,  or  against  the  pressure  caused  by  full  reservoir,  is  about  as  follows: 

1,000,000  gallons  in  24  hours  =  694.44  gallons  per  minute. 

Wt.,  one  gallon  at  50°  =  8.34  lbs. 

Lift,  not  including  friction  =  264  feet. 

1  horse-power  =  33,000  foot  lbs.,  or  33,000  lbs.  raised  one  foot  per 
minute. 

Gals.       Wt.       Lift. 
694.44  X  8.34  X  264  ,.  _  , 
3p00 =  ^^-^  horse-power. 

SERVICE  PIPE. 

There  is  great  diversity  of  opinion  in  regard  to  the  best  material  for 
service  pipes  for  water.  That  adopted  was  tar-coated  wrought  iron.  Its 
advantages  are  its  cheapness,  the  facility  with  which  it  can  be  laid,  and 
that  it  has  no  unwholesome  effect  upon  the  water.  The  question  of  its 
durability  remains  to  be  proved.  The  experience  of  some  towns  has  been 
that  the  coating,  not  adhering  as  fli'mly  to  the  wrought  iron  as  to  the  cast, 
leaves  the  pipe  exposed,  and  the  action  of  rust  begins. 

DUTY  TEST   OF   PUMPING  ENGINE. 

April  25,  1885,  a  rather  informal  test  was  made  of  the  Blake  pumping 
engine.  Fires  were  started  at  5:45  a.  m.,  and  at  8:30;  the  engine  started 
with  67  lbs.  of  steam.  Observations  were  taken  of  the  steam  and  water 
pressure,  counter,  vacuum,  depth  of  water  in  pump  well.  At  first  the 
observations  were  taken  every  five  minutes.  From  10:30  A.  M.  to  6  P.  M., 
the  close  of  the  test,  they  were  taken  once  in  15  minutes.  The  following 
data  are  used  in  calculating  the  duty  : 

Area  of  10-inch  plunger 78.54  square  inches. 

i  area  of  2f  plunger  rod 2.97  " 

Effective  area 75.57  " 

Length  of  stroke,  18  inches  ;  one  U.  S.  gallon  =  231  cubic  inches  ;  aver- 


412  ASSOCIATION  OF  ENGINEERINa  SOCIETIES. 

age  water  pressure,  as  indicated  by  gauge,  113  8  pounds  ;  number  of 
strokes,  60,428. 

75.07  X  18  _  _^g^2  p^jjj^,  Jqqj.  (jispiaced  at  each  stroke. 

1728 

75  57  V  18 

^       =  5.888  gallons  displaced  at  each  stroke. 


Cub.  ft.  per  Wt.  1  cub. 

stroke.    Strokes,  ft.  water.        Lift 


231 

Coal  used  in  running  9  h.  30  m.,  1,734  pounds. 

From  levels  which  were  carefully  checked,  it  appears  that  the  water- 
pressure  gauge  indicated  at  least  six  pounds  too  much. 
113.8  —  6.0    =  107.8  pounds. 

107.8  X  2.31  =  249.02  feet.     Average  lift  above  centre  of  gauge,  including 

friction. 
19.17  A.verage  distance  from  centre  of  gauge   to 

water  in  pump  well. 

268.19  Total  lift  in  feet,  including  friction. 

wt.  1  cub. 

ft.  water.        Lift. 

0.7872  X  60428  X  62.38  x  268.19  ^  ^^^  ^  45,894,660  foot-pounds  per  100 
1734  pounds  coal.  pounds  coal. 

Three  hundred  and  forty-one  pounds  of  coal  used  previous  to  8:30  A.  M. 
in  starting  the  fires,  is  not  included  in  the  1,734  pounds  above.  The 
fire  at  the  close  of  the  cest  was  as  nearly  as  possible  in  the  same  condition 
as  at  starting.  No  account  of  the  length  of  stroke  was  taken,  as  would 
have  been  done  in  a  more  complete  trial  with  a  sufficient  number  of  assist- 
ants. By  carefully  regulating  the  valves,  a  length  of  18^  inches  stroke  can 
obtained,  but  the  average  during  the  test  was  probably  not  over  18  be 
inches.  The  addition  of  i  inch  to  the  length  of  stroke  would  increase 
the  duty  above  given  by  ■^■^,  or  1,274,852  foot-pounds,  making  the  duty 
on  this  basis  47,169,512  foot-pounds.  No  allowance  or  deduction  has 
been  made  for  sUp  or  loss  of  action,  and  as  the  vvater  pumped  could  not 
be  measured,  no  estimate  could  be  made  of  its  amount.  At  Lowell,  in 
1876,  at  the  trial  of  the  5,000,000  Worthington  engine,  the  water  pumped, 
was  carefully  measured  over  a  weir,  and  there  was  a  loss  of  2^  jjer  cent. 
At  a  trial  of  the  3,000,000  Corliss  pumping  engine,  at  Pawtucket,  in  1878, 
as  determined  by  careful  measurements,  the  loss  was  1.4  per  cent.  The 
amount  of  water  pumped  during  the  test  was  : 

Gals. 
.   per 
Strokes.    Stroke. 

60,438  X  5.9  =  356,525  gallons. 

'-^^  =  37,529  gallons  per  hour  average. 

9^ 

To  pump  at  the  rate  of  1,000,000  gallons  in  twenty-four  hours  requires 
41,667  gallons  to  be  pumped  per  hour.  The  pumping  machinery  and 
boilers  are  of  good  design  and  thorough  construction,  and  will  no  doubt 
do  excellent  service. 
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REMINISCENCES  OF  THE  CONSTRUCTION  OF  THE  NEW  YORK, 
WEST  SHORE  &  BUFFALO  RA.1LR0AD. 


By  Wm    H.  Searli;s,  Member  of  the  (Jivil  Engineers'  Club  of  Cleveland. 
[Re  d  May  12,  1885.] 

The  project  of  a  railroad  along  the  western  shore  of  the  Hudson  River 
was  a  favorite  one  for  many  years  before  it  v\  as  finally  realized  in  the 
splendid  property  now  known  as  the  New  York,  Wesi  Shore  &  Buffalo 
Raih'oad.  Up  to  the  year  1872,  although  several  schemes  had  been 
started  and  companies  organized  for  the  purpose  of  building  a  railroad 
between  Hoboken  and  Albany,  no  more  progress  had  been  made  than  to 
drive  lioes  of  stakes  in  preliminary  surveys  and  to  cotisiruct  maps  and 
profiles  of  locations  on  paper,  in  which  the  imagination  of  the  drauiihts- 
man  was  allowed  full  play.  Rival  companies  vied  with  eacli  other  in 
planting  their  stakes  and  their  bonds,  but  no  practical  good  came  of 
either. 

The  New  York.  West  Shore  &  Chicago  Railro  id  Company  was  incor- 
porated on  the  13th  of  July,  1870,  in  the  State  of  New  York,  to  build  and 
operate  a  line  of  railway  from  the  state  line  of  New  Jersey  on  the  Hud- 
son to  a  point  on  the  Niagara  River.  The  New  York  &  Fort  Lee  Rail- 
road Company,  of  New  Jersey,  was  authorized  to  build  a  railroad  from 
Hoboken  to  the  state  line  of  New  York,  but  transferred  its  rights  and 
franchises  by  lease  dated  July  26,  1871.  to  the  New  York,  West  Shore  & 
Chicago  Railroad,  so  that  the  latter  corporation  became  empowered  to 
build  and  operate  a  railroad  from  Hoboken  to  Buffalo.  John  M.  Court- 
enay  was  the  president  of  the  company  and  Gen.  Charles  B  Stuart  engi- 
neer-in-chief. Both  these  gentlemen  are  now  deceased.  The  plan  of  the 
route  in  its  general  location  and  in  the  character  of  its  grades  was  due 
to  the  eminent  engineering  ability  of  Gen.  Stuart,  who  was  the  origina- 
tor and  chief  promoter  of  the  scheme. 

During  the  year  1873  ten  corps  of  engineers,  numbering  twelve  men 
each,  were  placed  in  the  field  to  locate  the  Aue  between  Hoboken  and 
Buffalo.  On  the  1st  of  February  of  that  year  the  writer  was  appointed 
Chief  Engineer  of  the  Seventh  Corps,  and  assigned  to  the  most  difficult 
portion  of  the  line,  the  Highlands  of  the  Hudson,  including  Fort  Mont- 
gomery, Cozzen's  Rock.  West  Point  and  Storm  King  and  extending  to 
Blue  Point,  nearly  opposite  Poughkeepsie. 

The  prominent  points  of  the  Highlands  rise  directly  from  water  80  to 
100  feet  deep,  at  an  angle  of  about  67  degrees  to  the  horizon,  great  masses 
of  granite,  towering  to  heights  varying  from  250  to  1,400  feet  above  tide. 
The  indentations  of  the  shore  present,  in  some  instances,  rock  no 
less  precipitous,  though  here  the  water  was  comparatively  shallow 
at  the  shore,  the  bottom  consisting  of  a  thin  layer  of  soft  black 
silt  upon  a  hard  clay  which  descended  at  a  slope  of  about  4  or  5  to 
1  to  the  channel  bank  of  the  river,  where  it  went  off  suddenly  into  deep 
water  at  a  slope  of  30  or  40  degrees. 

It  was  the  fixed  policy  of  Gen.  Stuart  to  avoid  the  use  of  tunnels, 
excepting  at  West  Point;  hence  the  location  resulted  in  side  cuttings  on 
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bluff  points,  wide  enough  to  accommodate  the  entire  roadbed,  and  in 
embankments  across  the  bays,  sufBciently  removed  from  the  channel 
bank,  as  was  believed,  to  prevent  slipping.  At  the  s-ame  time  it  was  the 
aim  of  the  engineer  to  equalize  the  cuts  and  fills  as  far  as  might  be  with 
curves  limited  to  four  degrees,  and  a  grade  perfectly  level,  12  feet  above 
low-water  mark.     The  rise  of  the  tide  is  about  4  feet. 

At  the  outset  a  preliminary  survey  was  made  with  extraordinary  care, 
by  which  were  determined  all  the  features  of  the  shore,  and  cross  sections 
were  taken  above  and  below  water.  The  inaccessible  points  were  passed 
on  the  ice,  which  was  then  firm,  and  the  slope  angle  observed.  As  the 
location  could  only  be  studied  on  paper,  the  preliminary  survey  was 
plotted  at  100  feet  to  the  inch,  and  the  contours  drawn  at  every  5  feet 
(sometimes  oftener)  above  and  below  low-water  mark.  After  the  loca- 
tion had  been  projected  on  these  maps  a  set  of  notes  for  the  field  was 
made  from  them,  noting  all  crossings  of  the  preliminary  and  located 
lines,  and  the  offsets  from  one  to  the  other  at  every  instrumental  point. 
By  means  of  these  notes  the  location  was  placed  on  the  ground  after  the 
ice  had  disappeared;  not  continuously,  of  course,  but  in  patches  at  acces- 
sible places,  depending  for  continuity  on  the  accuracy  of  the  preliminary. 
As  there  was  seldom  earth  enough  on  the  rook  to  hold  a  stake,  the  sta- 
tions and  other  points  were  secured  by  short  plugs  of  iron  let  into  holes 
drilled  in  the  rock  and  projecting  half  an  inch  or  more.  Long  stakes 
were  used  to  mark  the  stations  in  the  water.  The  line  was  then  leveled, 
sounded  and  cross-sectioned,  and  a  profile  made  of  both  the  centre  line 
and  side  lines  of  the  proposed  roadbed.  This  profile  had  a  horizontal 
scale  of  100  feet  to  an  inch.  An  estimate  was  finally  prepared,  and  this, 
together  with  reduced  maps  and  profiles  of  about  30  miles,  were  sub- 
mitted by  the  1st  of  July,  1872,  five  months  from  the  start,  one  month, 
however,  having  been  employed  by  the  seventh  corps  in  locating  through 
Erie  County  and  running  a  preliminary  through  Ontario  and  Seneca 
counties.  Further  study  suggested  some  changes  in  the  line,  which 
were  made  chiefly  to  throw  it  more  inshore  where  it  seemed  to  be  too 
near  the  channel  bank. 

The  U.  S.  Military  Reservation,  including  the  post  of  West  Point,  ex- 
tends along  the  river  about  2^  miles  from  a  point  a  little  below  West  Point, 
Landing  northerly  to  a  point  near  "  Cro'  Nest,"  opposite  the  village  of 
Cold  Spring.  No  right  of  way,  in  the  ordinary  sense  of  that  term,  could 
be  obtained  across  this  reservation,  but  by  an  act  of  Congress  passed 
February  16,  1869,  the  then  existing  "  West  Shore  &  Hudson  River  Rail- 
road Company"  was  authorized  to  pass  through  these  lands  by  consent 
of  the  Secretary  of  War  under  such  conditions  as  he  might  see  fit  to  im- 
pose. When  this  old  company  was  absorbed  by  the  New  York,  West 
Shore  &  Chicago  Railroad  Company,  all  its  rights  and  franchises  came 
into  the  possession  of  the  latter,  including  the  right  to  cross  the  reserva- 
tion. The  Secretary  of  War  in  1872  demanded  that  West  Point  should 
be  passed  by  a  tunnel,  to  avoid  disturbing  the  picturesque  beauty  and 
seclusion  of  the  shore  at  this  historic  spot.  It  is  probable,  however,  that 
the  tunnel  would  have  been  driven  in  any  case,  as  the  alignment  is  there- 
by much  improved. 

The  company  completed  its  location  and  its  land  maps  in  1872,  ac- 


CONSTRUCTION  OF  N.  Y.,  WEST  SHORE  &  BUFFALO  R.  R.  415 

quired  some  right  of  waj-,  and  purchased  some  terminal  property  ;  but 
no  construciiou  was  accomplished  beyond  excavating  the  approaches  to 
the  tunnel,  and  doing  a  little  ordinary  grading  at  three  or  four  points 
where  it  seemed  advisable  to  secure  the  located  line  against  rival  com- 
panies. Notwithstanding  the  fact  that  the  company  began  the  j'ear  with 
some  $3,000,000  in  its  treasury,  tlie  fiinds  seemed  to  be  nearly  exhausted 
by  the  close  of  the  year.  The  remnant  of  the  engineer  corps  was  dis- 
charged January  1,  1873.  with  one  or  two  exceptions,  and  the  company 
became  bankrupt  soon  after,  even  the  office  furniture  being  seized  and 
sold  for  debt.  The  pinic  which  followed  in  September  cast  its  ^^lack  pall 
over  the  corpse,  aad  the  project  seemed  to  be,  for  many  years,  beyond 
the  hope  of  resurrection. 

At  length,  in  1880.  aft'-r  many  stormy  meetings  of  the  bondholders  of 
this  and  prior  companies,  a  new  organization  was  effected,  which  is  the 
present  New  York,  West  Shore  &  Buffalo  Railroad  Company.  An 
arrangement  to  build  that  part  of  ihe  river  line  lying  between  Haver- 
strnw  and  Cornwall  was  made  with  the  New  York,  Ontario  &  Western 
Ea'Iroad  Company  as  a  part  of  its  through  line  to  New  York  City. 
Walter  Katte.  Esq..  was  chief  engineer  of  thiscompanj.  The  writer  was 
made  division  engineer  in  charge  of  this  vv'ork,  and  of  the  branch 
from  Cornwall  to  Middletown,  for  the  Ontario  company  ;  also  of 
the  river  line  from  Cornwall  north  to  the  Ulster  County  line,  for 
the  North  River  Construction  Company.  Having  carefully  preserved 
all  the  orifrinal  maps,  profiles,  sections  and  field  notes  of  his  for:^  t 
location  along  the  river,  he  was  row  able  to  bring  these  at  one 
into  service,  and  thus  to  prepare  the  line  for  the  contractorr>'  operations 
very  much  sooner  than  would  otherwise  have  been  possible.  The 
iron  plugs  of  the  former  survey  were  readily  found  and  identifi^d,  hav- 
ing stood  gu  ird  over  the  line  f  )r  eight  vears.  The  old  location  was 
geterally  adopted  on  the  river  division,  except  that  some  of  the  side 
cuttings  were  made  heavier,  and  the  fills  lighter.  The  policy  of  avoid- 
ing tunnel  work  was  adhered  ti>. 

The  plan  of  construction  contemplated  placing  the  rock  from  the  cuts 
in  the  fills  in  the  usual  manner,  but  this  could  not  always  be  done.  Some 
side  cuts  were  so  long  and  so  deep  that  time  could  not  bp  spared  to  exca- 
vate from  the  ends  only,  so  'hat  when  a  foothold  had  been  secured  by 
blasting  a  path  along  the  upper  limit  of  the  cutting,  the  level  ledge  so 
formed  was  worked  down  to  grade,  quarry  fashion,  the  rock  being  blown 
directly  into  the  river  by  hundreds  and  thousands  of  yards.  Even  where 
it  was  desited  to  save  the  material,  great  difficulty  was  experienced  in 
preventing  the  rock  from  being  thrown  overboard  bv  the  force  of  the 
blast,  iro  narrow  was  the  roadbed  compared  with  the  depth  of  the  cuts. 
It  was  found  necessary  to  appoint  inspectors  of  blasting  to  prevent  the 
contractors  from  making  a  general  waste.  From  Dunderberg  to  Storm 
King  there  was  no  cutting  in  any  material  but  solid  rock  worth  men- 
tioning, except  at  Target  Hill,  and  no  place  where  a  borrow  pit  could  be 
made  except  at  one  point  known  as  the  "  Slide." 

The  clay  bottom  of  the  river  bays  proved  itself  in  some  instances  a 
treacherous  foundation  for  the  embankments.  Apparently  hard  and 
firm,  it  would  support  the  rock  filling  for  some  we?ks  or  even  months. 
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and  tlien  iu  some  places  it  would  suddenly  slide  upon  the  smooth  bed- 
rock, carrying  the  embankment  with  it  down  and  out  to  the  river 
channel,  leaving  the  water  on  the  located  line  considerably  deeper  than 
before.  Sometimes  a  secoud  bank  built  upon  the  rock,  and  having  the 
firbt  bank  for  a  support  at  the  toe,  would  i^e  permanent;  in  other  cases 
bank  after  bank  would  slip  away,  leaving  n  >  recourse  but  to  change  the 
line  t  >  avoid  the  insatiable  hole.*.  These  changes  of  line  involved  over 
80,000  cubic  yards  additonal  rock  cutting  and  a  considerable  amount  of 
sharper  curvature.  There  was  one  such  hole  on  the  south  side  of  Storm 
King  apparently  of  so  small  extent  in  the  beginning  that  it  was  thought 
there  would  be  a  .superabundance  of  rock  in  the  cut  to  fill  it ;  but  per- 
sistent dumping  for  six  months  failed  lo  make  any  embankment  show 
above  the  water,  an  1  the  line  was  thrown  a  little  deeper  into  the  moun- 
tain, and  a  four-degree  curve  replaced  by  a  ten  before  the  roadbt  d  could 
be  formed. 

At  Cranston's  is  a  pocket  in  the  rocky  shore  that  no  amountof  material 
would  fill.  It  was  finally  bridged  bv  two  spans,  one  of  135  ft.  and  one  of 
S9  feet.  In  place  of  a  pier  lietween  the  spans,  a  heavy  iroi  girder  projects 
from  the  cliff  in  tbe  form  of  a  bracket  bolted  to  the  rock,  a  draAving 
and  description  of  which  is  publi>bed  in  the  Railroad  Gazette  of  May  11, 
188;-5.  The  writer  lays  no  claim  t)  thi-i  design.  In  this  bridge  the  west 
truss  is  over  the  shore  while  the  east  truss  is  over  water  80  or  100  teet 
deep.  There  is  a  similar  case  at  F*  rt  Montgoniery,  where  a  little  bay 
extending  c^>  o  hundred  feet  along  shore  lies  between  two  rock-cuts,  one 
of  them  very  heavy.  The  centre  line  v^as  on  shore,  but  the  rock  would 
not  fill  the  half  roadway  over  the  water.  A  dock  builder  proposed  to 
build  a  crib  here  and  anchor  it  to  the  shore.  He  did  so  :  and  when  his 
work  was  nearly  completed  at  a  cose  oi  some  $10,000,  the  structure  took 
French  leave,  and  was  afterward  di-overed  to  have  lodged  500  feet 
from  shore  in  water  100  feet  deep,  where  it  now  rests  in  company  with 
the  great  chain  of  revolu'ionary  fame.  The  gap  is  now  spanned  by  a 
handsome  iron  bridge  in  one  span. 

Near  Buttermilk  Falls  a  rock  cut  had  been  taken  down  to  grade,  the 
entire  road-bed  resting  on  the  cut,  when  the  half-bed  next  the  river 
slipped  down  and  disappeared.  Of  course,  the  only  remedy  was  to 
work  the  cut  over  agdu,  beginning  at  the  top.  75  feet  above  the  grade, 
and  taking  off  al^out  16  feet.  At  Storm  King  tbe  cu' ting  was  90  feet 
deep  on  the  upper  side,  at  Hampton  125  teet  deep,  all  in  the  solid  rock. 
Yet  the  greatest  difficulty  encountered  was  not  so  much  m  the  cuts  as  in 
certain  fills  near  them,  as  already  explamed. 

It  now  seems  to  be  pretty  well  proved  that  the  policy  of  adopting  a  sur. 
face  line  along  such  a  bold  and  rugged  shore  was  an  unwise  one.  The 
amount  of  rock  excavation  is  very^rauch  greater  than  would  have  resulted 
from  the  adoptioi  of  a  line  with  a  few  short  tunnels,  so  much  so  as  to 
overbalance  the  increa'^ed  cost  of  tunnel  work  per  cubic  yard.  A  tunnel 
line  would  have  less  curvature  than  the  original  location,  and  this  advan- 
tage is  still  more  apparent  when  compared  with  the  i)resentline  distorted 
as  it  now  is,  under  the  exigencies  of  the  case  in  a  number  of  places,  by 
sharp  and  sometimes  reversed  curves  A  tunnel  line  would  have 
voided  all  the  difficulties  of  slipping  embankments,  being  so  much  more 
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in  shore,  while  the  tunnel  matt-rial  would  have  made  such  banks  as  were 
required  without  waste.  As  all  the  tunnels  would  have  been  in  apparently 
solid,  self-sustaining  rock,  the  contingency  of  delay  and  increased  expense 
could  not  have  been  so  great  as  in  placing  heavy  embankments  on  the 
treacherous  river  bottom,  and  ihe  line  might  have  been  earlier  opened 
to  traffic.  Added  to  these  advantages  is  the  no  mean  one  of  exemption 
from  the  danger  to  passing  trains  of  snow  slides  and  falling  rocks  from 
the  mountainous  heights. 

Before  work  could  be  resumed  at  West  Point  it  was  necessary  to  obtain 
further  legislation  from  Congress.  A  new  bill  was  passed  empowering  a 
Commission  of  Wc  st  Point  officers  to  prepare,  subject  to  the  approval  of 
the  Secretary  of  War,  the  conditions  upon  which  permission  would  be 
granted  the  company  to  begin  operations  on  the  reservation.  The  Com- 
mission took  good  care  that  the  Government  should  not  be  a  loser  in  the 
transaction,  and  greatly  increased  the  conditions  over  those  imposed  in 
1872.  The  company,  having  no  option  in  the  matter,  complied  %vith  them 
all.  Among  these  may  be  mentioned  the  construction  of  a  new  pier  at 
the  steamboat  landing,  as  the  old  one  was  going  to  decay  ;  the  providing 
of  an  extensive  system  of  sewers  for  the  houses  and  roads  on  the  north 
side  of  the  post ;  the  filling  up  to  gi-ade  of  the  entire  bay  north  of  the 
post,  included  between  the  railroad  and  shore  ;  the  preserving  of  the 
target  ground  for  the  "  seacoast  battei-y  "  by  diverting  the  line  of  the 
railroad  from  the  shore  of  Target  Hill  to  a  ravine  behind  it,  from  which, 
in  order  to  gain  the  river  front  again,  it  was  necessary  to  make  a  cutting 
through  the  spur  140  feet  deep  and  450  feet  wide  on  top,  containing  435,- 
000  cubic  yards  of  gravel  and  hardpan,  and,  finally,  the  building  of  an 
astronomical  observatory  near  Fort  Putnam  at  a  cost  of  not  less  than 
$50,000.  The  material  was  taken  from  Target  Hill  by  steam  shovels,  and 
hauled  by  trains  from  each  end  of  the  cut  to  fill  the  bay  as  required. 

The  work  of  constructing  the  line  through  the  Highlands  was  begun 
in  June,  1880,  and  was  about  completed  in  December,  1882,  covering  a 
period  of  two  years  and  five  months. 

The  cost  for  graduation  and  masonry  was  about  as  follows  : 

On  the  section  from  Fort  Montgomery  to  West  Point,  4.52  miles,  $290,- 
000,  or  $64,400  per  mile  ;  on  the  section  from  the  U.  S.  Reservation  to 
Cornwall,  8.34  miles,  $255,000,  or  $76,500  per  mile  ;  on  the  U.  S.  Reserva- 
tion, 2i  miles  (including  the  West  Point  Tunnel,  1  mile),  $750,000,  or  say 
$338,300  per  mile. 

Thus  10.11  consecutive  miles  cost  for  graduation  and  masonry  alone 
about  $1,295,000.  To  this  sum  must  be  added  the  cost  of  an  exceedingly 
expensive  right  of  way,  and  of  tracklaying  and  bridging,  besides  all  the 
incidental  expenses  of  a  great  and  difficult  work. 

The  first  train  ran  from  Middletown  to  West  Point  on  January  8,  1883, 
The  first  regular  passenger  tram  ran  through  from  Jersey  City  to  New- 
burgh  on  June  4,  1883,  and  this  portion  of  the  road  was  declared  open  for 
business  on  that  dav. 
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THE  QUANTITY  OF  AIR  REQUIRED  IN  THE   VENTILATION   OF 

BUILDINGS. 


By  R.  F.  Hartford,  Member  of  the  Westeri;  Society  of  Engineers. 
[Read  August  4,  1885.] 


The  following  is  submitted  as  addendum  to  the  interesting  x^aper  on 
"Ventilation  of  Stables,"  recently  presented  by  Mr.  A.  W.  Wright,  Mem- 
ber of  this  Society. 

The  authorities  consulted  have  been  Pettenkofer,  De  Chaumont, 
Parkes  and  others.  From  these  we  learn  that  a  man  at  rest  exhales  for 
each  pound  of  his  weight  0.00424  cubic  feet  of  COg  per  hour.  Under  the 
8an[ie  conditions  he  exhales  0.1189  cubic  feet  of  air. 

If  n  =  number  of  miles  a  man  may  walk  in  one  hour  (or  its  equivalent 
in  other  work),  then 

CO2  per  pound  of  weight  per  hour 

=  0.00424  +  0.00211  n,  (1) 

and  air  exhaled  per  pound  of  v^eight  per  hour 

=  0.1189  +  0.0591  n.  (2) 

In  the  paper  by  Mr.  Wright  it  is  stated,  on  the  authority  of  the  Boston 
Journal  of  Chemistry,  that  "  a  horse  or  cow  is  said  to  have  six  times  the 
breathing  capacity  of  a  man."  This  is  the  allowance  commonly  made  in 
the  ventilation  of  mines  in  Europe,  where  the  animals  used  are  about  six 
times  the  weight  of  the  average  miner.  If  this  allowance  be  a  correct 
one,  and  experience  indicates  that  it  is,  we  may  assume  that  the  larger 
domestic  animals  have  the  same  breathing  capacity  as  man  per  pound  of 
weight. 

Now  let 

V  =  cubic  feet  of  air  required  in  a  given  time, 
T  =  time  in  hours. 

W  =  weight  of  man  or  animal  in  pounds, 

X  =  allowable  excess  of  CO,  above  that  in  normal  atmosphere. 
Then 

V  =  (0-00^^4  +  0.00211  n)  W  T 
~  X  ' 

The  best  authorities  have  agreed  that  6  parts  of  COj  in  1,000  parts  of 
air  should  be  the  maximum  limit  with  good  ventilation.  The  normal 
condition  is  about  4  parts  of  COo  in  10,000  parts  of  atmosphere,  making 
for  all  practical  purposes 

X  =  0.0002.  (4) 

The  average  weight  of  a  car  horse  may  be  taken  at  1,100  pounds  =  W. 

If  it  be  assumed  that  in  a  stable  a  horse  does  work  equivalent  to  n  =  J, 
the  formula  for  stable  ventilation  becomes 

V  =  26235  T,  or  (5) 

V  =  437.25  cubic  feet  of  air  per  minute. 
If  the  horse  be  regarded  as  at  rest,  n  =  0  and 

V  =  888.7  cubic  feet  of  air  per  minute. 
Formula  (3)  is  of  general  applicability. 

I  am  aware  that  my  results  look  large,  but  T  believe  they  are  no  larger 
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than  good  ventilation  requires,  if  the  ventilating  apparatus  alone  is  relied 
upon  to  furnish  the  fresh  air.  That  unknown  quantity  which  may  pass 
through  cracks,  etc.,  is  not  considered. 

Of  course,  the  results  change  with  the  choice  of  a  different  value  of  x. 
Some  authoiiti^^s  say  the  limit  of  CO^,  in  good  respirable  air,  may  be  10 
parts  in  10,000  parts,  making  x  =  0.0006,  and  V  =  7773  cubic  feet  of  air 
per  hour  as  necessary  for  one  horse  (about  26  cubic  feet  per  minute  more 
than  Mr.  Wright  gives).  But  if  the  experiments  of  Drs.  Angus  Smith, 
Parkes,  Pectenkufer  and  De  Chaumont  have  any  value  this  is  much  too 
low  for  good  ventilation. 
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By  J.  A.  L.  Waddell,  Member  of  the  Western  Society  of  Engineers. 
[Read  July  7,  1885.] 


In  a  paper  upon  "  A  Proposed  Review  of  Engineering  Literature,"  pre- 
sented not  long  ago  tu  the  Engineers'  Club  of  Philadelphia,  after  pointing 
out  some  of  the  deficiencies  of  technical  works  and  suggesting  that  they 
need  improvement,  the  writer  states  that  "  the  work  to  be  accomplished 
can  be  divided  into  two  parts:  first  the  collection  and  valuation  of  what 
has  been  already  printed,  and  second  the  improvement  of  future  tech- 
nical works."  That  p iper  dealt  with  the  first  division;  this  will  treat  of 
the  second. 

Not  only  is  engineering  literature  far  behind  the  practice  of  the  day, 
but  many  of  the  technical  works  in  use  are  of  an  unsatisfactory  charac- 
ter; and  one  of  the  principal  reasons  why  engineering  education  in  tech- 
nical schools  is  not  of  a  more  practical  nature  is  the  scarcity  of  really 
practical  enaineering  books.  To  suggest  a  means  of  improving  the  style 
and  widening  the  scope  of  technical  literature  is  the  object  of  this  paper. 

As  in  any  other  great  undertaking,  success  can  be  achieved  only  by 
united  action:  hence,  as  may  be  anticipated  from  the  heading  of  this 
article,  the  writer  would  advocate  the  formation  of  a  society,  the  mem- 
bers of  which  should  consist  not  only  of  those  who  have  written  or 
intend  to  write  technical  works,  but  also  of  other  engineers  of  high 
standing  in  the  various  branches  of  the  profession,  whose  opinion  as  to 
what  books  are  needed  and  how  they  are  to  be  prepared  would  be 
authoritative;  and  who  c^uld  act  as  revisers  of  b 'oks  written  by  the 
other  members.  These  two  classes  of  members  might  be  termed  active 
and  honorary. 

The  organization  of  such  a  society  would  not  be  a  difficult  undertak- 
ing. A  few  of  those  especially  interested  might  send  letters  to  all  the 
authors  of  engineering  books  who  reside  in  North  America,  asking  them 
to  meet  at  a  certain  time  and  place  for  the  pur])Ose  of  organizing  a 
society  whose  object  would  be  as  explained,  at  the  same  time  publish- 
ing in  the  technical  journals  a  similar  letter,  asking  all  engineers  who 
have  any  intention  of  ever  writing  technical  books  to  send  in  their  names 
to  a  certain  address  as  candidates  for  election.  At  the  first  meeting  a 
temporary  set  of  rules  should  be  drawn  up,  and  the  candidates  whose 
names  have  been  received   voted  upon.     Those  elected   should  be  so 
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notified,  and  requested  to  attend  another  meeting  at  a  certain  date  and 
place.  At  this  second  meeting  there  should  be  nominated  and  voted 
upon  for  honorary  membership,  engineers  of  acknowledged  ability  and 
experience.  At  a  third  meeting  of  both  classes  of  members  a  constitu- 
tion should  be  prepared,  committees  appointed  and  business  matters 
arranged. 

The  method  of  accomplishing  the  society's  object,  viz.,  the  improve- 
ment of  engineering  literature,  might  be  as  follows  : 

1st,  The  suggestion  of  subjects  for  books  needed 

2d.  The  appointment  by  a  committee  of  a  writer  for  each  subject,  on 
which  the  society  as  a  body  deems  it  expedient  that  a  book  be  written. 

3d.  The  appointment  of  a  reviser  or  revisers  of  each  book. 

4th.  A  discussion  by  the  society  as  to  what  each  book  should  contain 
and  h'lwthe  subject  should  be  treated,  the  author  to  be  in  no  way  bound 
{except  in  one  particular  to  be  mentioned  later)  to  adopt  any  conclusions 
arrived  at  in  said  discussion,  but  acceptmg  them  merely  as  suggestions. 

5th.  The  making  of  such  arrangements  by  a  committee  that  the  author 
of  each  work  can  obtain  all  the  data  and  information  which  he  needs, 
from  the  most  competent  and  reliable  sources. 

6th.  The  establishing  of  a  feeling  of  g(  od-fellowship  among  the  mem- 
bers, by  reason  of  which  one  member  will  have  no  hesitation  in  asking 
another  for  any  assistance  that  he  may  require  in  the  preparation  of  a 
book. 

7th.  An  arrangement  with  a  good  publishing  firm  to  print  and  sell  at 
the  risk  of  the  firm  all  books  published  under  the  auspices  of  the  society, 
a  certain  percentage  of  the  gross  receipts  being  turned  over  to  the  author, 
and  another,  but  smaller  percentage,  to  the  society. 

8th.  The  indorsement  by  the  society  of  each  book  on  the  cover  and 
title  page. 

The  effect  of  this  indorsement  would  be  to  almost  guarantee  to  the 
publishers  a  profitable  sale  of  the  book,  so  that,  the  risk  being  small,  the 
author's  percentage  of  the  receipts  should  be  large. 

In  preparing  rules  and  regulations  for  the  society,  caie  should  be 
taken  that  the  individual  liberty  of  action  of  writers  should  be  inter- 
fered with  as  little  as  possible.  Any  member  sliould  be  free  to  publish 
any  book  he  chooses  without  consulting  the  society,  provided  he  does 
not  sign  himself  therein  as  a  member  of  the  society,  or  cause  any  infer- 
ence to  be  drawn  that  the  book  was  publisher!  with  the  consent  of  the 
society.  The  number  of  books  so  published  would  be  very  small, 
for  the  advantages  of  the  indorsement  of  the  society  should  be  decidedly 
^reat.  No  member  need  feel  any  obligation  to  serve  as  either  author  or 
reviser  because  asked  to  do  so  by  the  committee. 

If  two  or  more  persons  have  been  intending  to  write  on  the  same  sub- 
ject, they  may  conclude  to  work  together  upon  the  same  book,  or  one  or 
more  may  withdraw.  In  any  such  case,  if  the  parties  cannot  come  to 
an  agreement  among  themselves,  the  society  should  conclude  not  to  pub- 
lish any  work  on  the  subject  until  the  books  of  all  the  disputants  are 
either  issued  or  abandoned,  or  until  after  the  lapse  of  a  reasonable  time 
for  the  preparation  and  publication  of  such  books. 

The  fact  of  a  subject  having  been  once  written  upon  by  an  authorized 
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member  of  the  society  should  not  preclude  its  being  written  upon  again 
by  another  member,  provided  that  the  latter  shows  good  reason  for  a  fur- 
ther and  more  detailed  treatment  of  the  subject  ;  nevertheless  the  society 
should  exercise  a  good  deal  of  caution  in  such  a  case. 

Revisers  should  receive  payment  for  il  eir  services,  the  amount  in  each 
case  being  determined  by  a  standing  committee. 

If  a  disagreement  arise  between  a  reviser  and  a  writer,  the  matter  could 
be  referred  to  a  committee  specially,  or  the  reviser  could  insert  his 
objections  in  a  loot  note  or  foot  notes,  or  he  could  refuse  to  act  as  reviser, 
thereby  forfeiting  a  portion  of  his  fee.  A  book  reported  upon  by  the 
reviser  as  fundamentally  incoirect,  if  not  withdrawn  by  the  author, 
could  be  referred  to  a  committee,  wno  would  decide  as  to  whether  the 
book  be  worthy  of  publication  or  not.  If  rejected,  the  author  should  be 
at  liberty  to  publish  it  on  his  own  lesponsibility,  and  such  a  course  of 
action  need  not  necessitate  his  resigning  from  the  society. 

The  society  should  have  the  right  to  determine  the  contents  of  each 
book  to  this  extent,  that  one  author  should  not  interfere  with  the  prov- 
ince of  another  or  incorporate  in  bis  treatise  more  than  a  mere  summary 
of  a  book  published  under  the  auspices  of  the  society,  unless  the  author 
of  said  book  consent  to  a  more  extended  quotation.  This  restriction 
would  not  be  a  severe  one,  as  it  would  he  found  much  more  satisfactory 
to  refer  to  another  work  which  gives  a  good  treatment  of  the  point  con- 
sidered, than  to  run  the  risk  of  giving  one's  book  the  reputation  of  being 
a  mere  compilation,  unless  the  aim  of  the  author  were  to  prepare  only  a 
compilation. 

The  dues  should  be  paid  by  active  members  only  ;  and  they  need  not 
be  large,  for  the  society's  percentage  of  receipts  should  be  sufScient 
to  pay  the  revisers'  fees,  leaving  only  the  ranning  expenses  to  be  met  by 
the  dues. 

Meetings  of  the  society  should  be  :it  least  semi-annual ;  they  might 
take  place  immediatels'  after  the  annual  meeting  and  the  annual  con- 
vention of  the  American  Society  of  Civil  Eagineers.  A  reporier  should 
be  employed  to  take  down  the  discussions  at  meetings,  and  the  notes 
should  be  printed  for  circulation  among  members  and  others  interested. 
A  summary  of  the  notes  might  be  printed  in  the  technical  journals,  so 
as  to  invite  discussion  from  non-members. 

The  books  which  are  specially  needed  by  the  proi ession  may  be  divided 
into  three  classes;  tirst,  those  to  treat  of  large  divisions  of  engineering  ; 
second,  those  to  treat  of  subdivisions  of  the  same  ;  and  third,  mono- 
graphs of  engineering  structures  completed  or  abandoned.  Of  the  first 
class  there  are  a  good  many  books  already  in  the  marker.  The  objection 
to  most  of  them  is  that  they  seem  to  contain  nearly  everything  except 
the  one  thing  sought.  There  are  some,  however,  which  appear  to  cover 
the  whole,  or  nearly  the  whole,  ground  in  an  adequate  and  systematic 
manner.  Of  the  second  class  there  are  not  many  good  examples,  although 
some  of  the  later  books  of  this  kind  show  progress  in  the  right  direction. 
Of  the  third  kind,  too,  there  are  only  a  few  specimens  by  American 
engineers,  but  these  few  are  excellent,  and  it  is  to  be  hoped  that  the  ex- 
ample set  by  tlieir  authors  will  be  followed  by  other  eminent  engineers. 

As  examples  of  what  books  are  needed,  the  writer  would   suggest  the 
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following  as  titles  :  Foundations,  Castings,  Mine  Surveying,  Sewerage, 
Surveying  Instruments,  City  Engineering,  Pile  Driving,  Railroad  Bridge 
Designing,  Water-Works  Construction,  The  Designing  of  Shifs,  Estimates, 
Dredging  Machines,  The  Removal  of  Earth,  Masonry,  The  Use  of  Hydrau- 
lic Cement,  Timber  Trestles,  Military  Engineering,  Railroad  Manage- 
ment, Pumps,  Braced  Piers,  Hydraulics  of  American  Rivers,  Canal  Sur" 
veying  and  Construction,  American  Harbors.  Torpedoes  and  Torpedo 
Boats,  The  Use  of  Steel  for  Bridges,  The  Designing  of  Masonry  Arches, 
and  Combination  Bridges. 

In  the  preparation  of  most  engineering  books,  it  is  the  writer's  opinion 
that  it  is  well  to  avoid  all  unnecessary  use  of  mathematics  ;  but,  if  mathe- 
matical discussions  and  proofs  be  essential,  they  should  be  confined  to 
appendices. 

The  idea  entertained  V)y  so  many,  that  a  book  of  which  the  larger  part 
is  not  original  reflects  discredit  upon  the  author,  is  entirely  erroneous. 
On  the  contrary,  a  striving  after  originality  is  liable  to  cause  the  advo- 
cating of  impracticable  schemes.  Very  useful  treatises  may  be  mere 
compilations,  or  may  be  based  upon  the  unwritten  experience  of  other 
engineers  than  the  auihir.  Technical  works  should  treat  of  bad  practice 
as  well  as  of  good,  pointing  out  errors  into  which  an  inexperienced  engi- 
neer is  liable  to  fall  ;  in  fact,  many  a  useful  treatise  might  be  written 
upon  f-ngineering  work  that  has  proved  a  complete  failure. 

The  amount  of  technical  writing  required  at  present  and  in  the  near 
future  is  great  enough  to  employ  all  the  spare  time  of  all  those  who 
have  the  necessary  ability  and  experience,  &o  no  writer  need  fear  tliat  in 
joining  such  a  society  as  the  one  proposed  he  will  lose  the  opportunity  of 
presenting  to  the  public  the  results  of  past  labor. 

The  advantages  to  be  gained  by  the  formation  of  the  proposed  society 
are,  in  short,  these  :  for  authors,  the  suggestion  of  new  ideas  by  compar- 
ison of  notes,  the  obtaining  of  material  and  data  through  the  influence 
of  the  society  and  its  members,  the  indorsement  of  their  books  hj  the 
society,  a  satisfactory  and  fixed  arrangement  with  publishers,  and  the 
avoidance  of  errors,  which  without  the  assistance  of  a  second  and  com. 
petent  party  is  extremely  difllcult  :  and  for  the  engineering  profession, 
the  acquisition  of  a  number  of  much-needed  books,  which  may  be 
regarded  as  standard  and  reliable,  and  which  will  bring  engineering  lit- 
erature as  nearly  as  it  is  possible  abreast  of  engineering  practice. 
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August  18,  1885  : — Tbe  S  14th  meeting  was  held  in  the  Society's  Hall,  15  Wash- 
ington street,  at  4  p.  M.,  Mr.  A.  Comstoek  in  the  chair. 

In  the  absence  of  the  Secretary,  Mr.  Liljencrantz  was  appointed  to  act  as  Secre- 
tary pro  tern. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Applications  for  Membership  were  received  from  Abraham  Gottlieb,  C.  E.,  Chi- 
cago ;  Barnabas  Schreiner,  City  Engineer,  Des  Moines,  Iowa ;  Gustave  Lauritz 
Clausen,  C.  E.,  Hyde  Park,  111.,  and  Henry  R.  Chichester,  of  Chicago. 

Mr.  A.  W.  Wright,  for  the  Committee  on  Railroads  and  Transportation,  sub_ 
mitted  a  communication  in  reply  to  Mr.  T.  J.  Nichols'  questions  relating  to  the 
comparative  economy  and  capacity  of  standard  and  narrow-gauge  railroads, 
and  to  the  most  economical  section  and  weight  of  steel  rails  under  certain  condi- 
tions.    Referi'ed  to  the  Secretary. 

Mr.  Wright  moved  that  the  qualifications,  etc. ,  for  Membership,  be  printed  on 
the  backs  of  the  blanks  for  application.     Carried. 

The  Librarian  called  attention  to  the  need  of  additional  facilities  for  the  proper 
care  of  the  libraiy,  and  asked  for  authority  to  order  a  new  book-case,  submitting 
design  and  estimate  of  cost  for  the  same.  On  motion  it  was  referred  to  the  Secre- 
tary and  Librarian,  with  power  to  act.     Adjourned. 

G.  A.  M.  Liljencrantz,  Secretary  pro  tern. 


September  1,  1885. — The  215th  meeting  was  held  in  the  Society's  Hall,  at 
4  p.  M.     Mr.  Wright  was  called  to  the  chair. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Application  to  be  admitted  as  a  Member  was  presented  from  Mr.  John  Watson 
Alvord,  Town  Engineer,  Lake  View,  111. ,  indoi'sed  by  Messrs.  Cole,  Nichol  and 
Wright. 

The  Secretary  read  a  communication  from  Mr.  C.  P.  Matlack,  City  Engineer, 
San  Antonio  Texas,  asking  information  as  to  the  best  method  of  disposing  of 
house  garbage  in  inland  cities,  the  City  of  San  Antonio  proposing  to  erect  a 
"  crematory." 

The  Secretary  read  a  paper  by  Mr.  Samuel  McElroy,  "The  Water-Power  at 
Niagara  Falls." 

lAdjotirned.'i  L.  P.  Morehouse,  Secretary. 

Members  are  requested  to  send  to  the  Secretary  their  views  on  the  question 
asked  by  Mr.  Matlack.       


CIVIL  ENGINEERS'  CLUB  OF  CLEVELAND. 


July  14,  1885  : — Regular  meeting  held.  President  Halloway  in  the  chair. 
Minutes  of  last  meeting  read  and  approved. 

The  Committee  appointed  to  consider  the  relation  between  military  and  civil 
engineers  upon  government  works  (other  than  military)  made  a  brief  report,  and 
asked  that  the  following  resolution  be  adopted  : 

Resolved,  That  the  Committee  on  the  Relation  between  Military  and  Civil  En- 
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gineers  on  Government  Works  (other  than  military)  be  authorised  to  invite  the 
several  engineering  societies  of  the  country  to  appoint  similar  committees,  briefly 
stating  the  object  of  the  movement,  and,  in  order  to  obtain  united  action,  to  also 
invite  each  of  these  committees  to  send  a  representative  to  form  a  central  com- 
mittee, which  shall  meet  in  this  city  to  fully  discuss  the  question,  and  decide  upon 
some  definite  plan  of  action  upon  which  all,  if  possible,  may  unite  ;  said  action 
to  be  reported  back  to  the  several  societies  for  their  approval. 

(Signed)      W.  T.  Blunt,  Secretary  of  Committee. 
J.  EiSENMANN,  Chairman. 

Resolution  adopted. 

By  various  resolutions,  it  was  decided  to  hold  a  picnic  at  Silver  Lake,  July  25. 

The  President  appointed  the  following  committee  to  arrange  for  the  picnic  : 
Charles  Latimer,  M.  E.  Rawson,  A.  Swasey,  E.  H.  Jones  and  HoseaPaul;  the 
President  to  act  as  Chaii-man  of  the  Committee. 

Mr.  Theodore  Rosenberg  then  read  a  paper,  entitled  ' '  Fire-Proof  Buildings," 
after  which  the  following  resolution  was  presented  : 

Resolved,  That  a  committee  of  three  be  appointed  to  report  upon  the  advisabil- 
ity of  a  City  Building  Bureau. 

^  The  resolution,  after  being  amended  so  as  to  have  the  Committee  on  Architec- 
ture make  such  report,  was  adopted. 

A  vote  of  thanks  was  tendered  to  Mr.  Rosenberg  for  his  paper. 

lAdjourned.]  M.  W.  Kingsley,  Rec.  Sec. 


ASSOCIATION  OF  ENGINEERmG  SOCIETIES. 


ORGANIZED     1881. 


■Vol-  IV.  OctolDex*,    1885.  OSTo.  12. 

This  Association,  as  a  body,  is  not  responsible  for  the  subject  matter  of  any  Society,  or 
for  statements  or  opinions  of  any  of  its  members. 

INDEX  DEPARTMENT. 

ANNUAL    SUMMARY. 

//  j.s-  proposed  lo  furnish,  in  this  department,  as  complete  an  Index  as  may  he 
of  current  engineerintf  literature  of  a  fragmentary  character.  A  short  note 
iriJl  be  appended  to  each  title,  intended  to  give  sufficient  inforinafion  to  enable 
the  reader  to  decide  ivhether  or  not  it  is  worth  his  while  to  obtain  or  consult  the 
paper  itself.  The  Index  will  be  mostly  limited  to  society  and  magazine  articles, 
and  special  engineering  reports  of  general  interest  and  value.  It  is  printed  in 
fJie  monthly  i.Hsues  of  the  Journal,  on  but  one  side  of  the  j^ajjer,  so  that  the 
titles  tnai/  be  cut  out  and  pasted  on  cards  or  in  a  book,  and  is  here  collected,  with 
additional  titles  and  many  cross-references. 

All  readers  of  the  Journal  are  requested  to  aid  in  making  the  Index  as  com- 
jplet.e  as  possible.  All  notices  for  this  department ,  and,  all  matter  to  be  here  in- 
dexed, shcndd,  be  sent  to  J.  B.  JOHNSON,  Manager  Index  Department,  Washing- 
ton  University,  St.  Louis,  Mo. 


Aerial  Navigration.    A  short  sketch  of  its  history  and  a  description  of  a  new  form  of 

motor  for  an  airship.     Am.  Enginper,  May  2'2,  1885. 
.    By   Dr.    William  Pole.  F.  R.  S.    An  extended  discussion  of  the  subject,  in  a 

paper  before  the  last,  of  Civ.  Engrs.,  Vol.  LXVII.  Also,  by  same  author.  "  Some  Fur- 
ther Data  on  Aerial  Navigation."    Am.  Engr..  Aug.  6.  iS8o.     The  former  article  is 

one  of  the  most  valuable  that  has  ever  appeared. 
.  Recent  Improvements  in.    By  Prof.  W.  Le  Conte  Stevens.    An  historical  article, 

g;iving  th'=' recent  improvements  made  in  France  up  to   1885.    Illustrated.     Pop.  Sc. 

Mo, ifhli/,  ■^u]y.  1885. 
- — — .     The  present  state  of,  giving  most  modern  devices,  with  mathematical  discussion 

of  principles,  by  M.  De  Bruignac.     Proceedings  of  Society  of  Civil  Engineers,  Paris, 

October,  1884. 
Air,  Flowing  in  Pipes,   Coefficient  of  Friction  of.     By.  Prof.  W.  C.  Unwin,  M.  I.  C.   E. 
.  Purity  of.    ,S'ee  Atmosphere. 

Tabular  values  derived  from  experiments.    Eng.  News,  July  11,  18S5. 
Alaska,  The  Resources  of.    By  Fred'k  Schwatka.     With  especial  reference  to  timber 

and  minerals.     From  BradstreeVs  in  Sc.  Am.  Suppl.,  July  4,  1885.     Also  Eng.  and 

Mill.  Jour.,  June 27.  1885. 
Alloys,  Strength  of.     See  Bronzes. 
American  Engrineering  Enterprise,    A  paper  read  before  the  Society  of  Engineers 

by  Arthur  Riggs     Engineer,  Ma.ich  6,  188.5. 
Ammonia.     See  Tar  and  Ammonia. 
Ampere,  Ohm  and  Volt, />ire<:-*  JV/easMremen/ o/.    J.  Kessler.    Ijondon  Elect r.  Rev., 

April  17.  1885. 
Anchor  G-ear.    A  description  of  Baxter's  system  for  working  cables,  as  applied  to 

car  o  and  passenger  steamers.    Engineering,  Feb.  20,  1885. 
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Anthracite  Coal  Fields  of  Pennsylvania,  a  description  of .  By  Cliarles  A.  Ash- 
burner,  of  the  Geol.  Survey  of  Penn.  A  30-paKe  article,  giving  the  Geography, 
History,  Topography,  Structural  (ieology,  Stratigrapnical  Geology  of  the  region, 
together  with  the  Composition  and  Origin  of  this  Coal,  methods  of  mining,  and  pro- 
duction statistics.    Proceedings  of  Etigrs'.  Club  of  Philadelphia.  Vol.  IV..  No.  3. 

Appliances  designed  and  used  in  connection  with  the  Tennessee  River  Improvement, 
viz. :  Derrick  Winch  that  lowers  rapidly  ;  Derrick  Grapple,  Portable  Drill,  for  use 
on  iron  lock  gates  ;  Iron  Canal  Lock  Gates,  with  solid  and  with  trussed  girders  : 
Balanced  Wickets  defigned  to  prevent  leaking  ;  Inexpensive  Stvitching  Locoiaotive  ; 
Tests  of  Wooden  Beams,  to  show  effects  of  notching  and  mortising,  with  important 
results;  Apparatus  for  test  inc/  the  Strength  of  Explosives,  heixi^  simple  and  inex- 
pensive. All  these  described  and  illustrated.  Rep.  Chf.  of  Engrs.,  U.  S.  A.,  1883, 
Vol.  II.,  p.  1483. 

Aqueduct,  The  New  Croton.  Specifications  for  Section  9,  with  many  cross-sections 
shown.    Engineer inc/  Nervs,  March  7,  188,5,  et  seq.     See  also  Croton. 

.  The  various  forms  of  the  new  Croton  aqueduct  for  different  materials  trav- 
ersed.   Seven  illustrations.    Sanitary  Engineer.  May  21,  1885. 

Aqueduct  Bridge  Across  the  Potomac  at  Georgetovm.  D.  C.  Report  of  S.  T.  Abert, 
U.  S.  C.  E.,  Ex.  Doc.  No.  156,  House  of  Rep.,  47tk  Congress,  1st  Session;  also  in  Ex. 
Doc.  169,  House  of  Rep.,  48th  Congress,  1st  Session. 

Arch,  El((stic,  Graphical  Analysis  of  Stresses  in,  after  Culmann.  By  R.  H.  Graham. 
Illustrated.     The  Engineer.  July  17,  1885. 

.    See  Conduit:  also  Concrete. 

Ai-ctic  Geography.  By  Lieut.  A.  W.  Greely,  U.  S.  A.  A  brief  abstract,  with  map,  of 
the  work  of  the  Greely  Expedition.    Science,  February  27,  1885. 

Armor-Plates,  The  Manufacture  of  Iron  and  Compound.  Translated  from  the  Rus- 
sian. Being  a  description  of  the  methods  employed  by  Chas.  Cammell  &  Co.  and 
John  Brown  &  Co.    Illustrated.    Mechanics,  Aug..  1SH5.  et  seq. 

.    On  the  protective  value  of  armor  plates  as  proved  in  actual  warfare.   Engineer, 

May  15,  1885. 

.    Results  of  experiments  with  Gruson's  chilled  iron  armor.    Engineer,  May  8, 

1885. 

Artesian  Wells,  Materials  and  Methods  of  Boring.  By  C.  W.  Darley,  of  New  South 
Wales.    Fully  illustrated.     Engineering,  June  19  and  26,  1885. 

Asbestos.  The  methods  used  in  the  mining  and  manufacture  of  asbestos.  Enginter- 
ing,  March  6,  1885. 

Atmosphere.  A  Test  of  its  Purity  as  to  Carbonic  Acid.  A  simple  and  exact  quan- 
titative test  that  may  be  applied  by  any  one  to  test  the  fitness  of  air  for  breathing. 
-46s.  Pioc.  Inst.  Civ.  Engrs.,  Vol.  LXXXI.,  p.  384. 

Astronomy,  Practical.    See  Determination,  and  Latitude. 

Azimuth.    (S'ee  Latitude  ;  also  Determination. 


Baldwin,  Loammi.  Said  to  be  the  Father  of  Civil  Engineering  in  America.  A  bio- 
graphical sketch,  by  Professor  Vose,  with  portrait;  published  in  pamphlet  form  by 
the  Boston  Society  of  Civil  Engineers,  1885. 

Bank  Protection.  Methods  pursued  on  the  Missouri  River,  with  many  cuts  showing 
mattresses  in  process  of  construction,  mattress  boats,  etc.  Rep.  Chf.  of  Engrs., 
1883,  V.  n.,  p.  1297.    See  also  Shore. 

Base- Line  Apparatus.  A  new  design,  by  the  U.  S.  Coast  Survey,  consisting  of  a  com- 
pensating apparatus,  five  metres  long,  composed  of  steel  and  zinc  bars.  Description 
of  apparatus,  comparisons  and  method  of  measuring  the  base.  Report  U .  S.  C.  and 
G.  Survey,  1882. 

Batteries.    See  Electric,  Secondary  and  Storage. 

Bessemer  Steel  Ingrots,  the  Segregation  of  Impurities  in,  on  cooling.  By  B.  W. 
Cheever.  Trans.  Am.  Inst.  Min.  Engrs.,  V.  XII.,  and  Jour.  Iron  and  Steel  Inst ., 
1881. 

Blast-Holes,  Tamping  with  Plaster  of  Paris.  By  F.  Firmstone,  Trans.  A7n.  Inst.  Min. 
Engrs.,  Yo\.  XII. 

Blasting  of  rock  under  water.  Methods  used  on  Welland  Canal  at  Port  Colborn,  Ont. 
Giant  powder  proving  inefCectua!,  nitro-glycerine  was  used  with  great  success.  Eng. 
News,  July  11.  1885.     See  also  Flood  Rock  and  Hell  Gate. 
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Blasting',  the  Theory  of.  By  Prof.  H.  HOfer.  Translated  from  the  German  and  published 

i>y  the  Engineering  Corps,  U.  S.  Army,  as  a  separate  pamphlet  of  50  pages.    Theo 

retical  equations  are  derived  which  agree  with  practice  iu  homogeneous  rock.    Most 

effective  relation  between  depth  of  hole  and  size  of  charge  determined,  both  for 

fracture  and  for  projection. 
Blue  Process  of  Heliogi-aphic  Frinliuy.   By  Channing  Whitaker.    A  thorough  descrip- 
tion of  the  chemicals,  apparatus  and  methods.      Jowr.   Assoc.  Eny.  Soc,  Vol.  1.,  p. 

349.    See  alsoFror.  Phil.  Eii(/rs\  Club,  Vol.  V.,  p.  151. 
.    Giving  white  on  blue  ground,  as  well  as  blue  on  a  white  ground.      Detailed 

instructions  from  the   Eng.  Mech.  and  World  of  Sc,  reprinted  in  San.  Engr.,  Aug. 

^'9,  1885.     See  also  Pn«:  Kiigr.s.-  Club.  Phil..  Vol.  V.,  p.  152. 
Boilers.    Danger  from  feeding  at  bottom.    American  Engr.,  March  20,  1885. 
.      Effect  of  Oil  ill   Bulging.      Illustrated,  described,  and  explained.      Sanitary 

Engr.,  May  21,  1885. 
.    Efficiency  of  Marine  Boilers.      A  paper  read  before  Inst.  N.  A.,  by  J.  T.  Milton. 

London  Engineer,  April  10,  1885;  American  Engineer,  May  1,  1885. 
.    Illustrations  and  description  of  the  boilers  of  the  Cromwell  steamer  Louisiana, 

which  had  been  titted  with  brick-inclosed  furnaces.    By  Miers  Coryell.    Engineerirty, 

March  6,  1885. 
in  the  Manhattan  Co.'s  Bank  Building,  New  York,  illustrated.      Giving  portions 

of  the  specifications.  Some  new  and  commendable  features  in  the  matter  of  internal 

bracing  and  dome.    Sanitary  Engr.,  .January  2i).  1885. 
,  Modern  Practice  in  the   Construction  of.       An  extended  paper,  with  discussion, 

before  the  Inst,  of  Civ.  Engrs.,  London.      Gives  present  ii^nglish  practice   in  great 

detail.     Illustrated.    Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXX.,  pt.  2. 
.    Proper  dimensions  of  the  several  parts  of  steam  boilers,  as  adopted  by  the 

German  Union  of  Associations  for  the  Supervision  of  Steam  Boilers.      Abstract  of 

Papers,  1885. 
.      Relative  Economy  of  Sectional  and  Shell  Boilers.      By  R.  H.  Buel.      Gives 

tabular  performances  of  many  types,  with  conclusions  drawn  therefrom.      Am. 

Engr.,  July  16,  1885. 
.    The  influence  of  position  on  the  value  of  heating  surface.     Engineering,  March 


13,  1885. 

,     Further  see  Internal  Corrosion  of  B. 

Boiler  Construction.  By  David  S.  Smart.  Abstract  of  a  descriptive  paper  on  the 
best  modern  practice  in  steam  boiler  construction.      Engineer,  Feb.  20,  1885. 

,  Latest  Progress  in.    Report  of  the  Boiler  Committee  of  the  Master  Mechanics' 

Association,  prepared  by  J.  Davis  Barnett,  with  discussion.  R.  R.  Gazette,  Sept.  4, 
1885,  et  seq. 

,  Thick  steel  plates   in.      By   W.    Parker.     Investigation  of  a  large  steel  boiler 

that  burst  on  the  test  trial.  Iron  Age,  May  7,  1885  ;  Engineering,  April  3,  1885.  ,Se.c 
also  Marine  Boiler  Construction. 

Boiler  Explosions  in  1884.  Summary  published  by  the  Midland  Steam  Boiler  Assur- 
ance Company.     Engineering,  March  13,  1885. 

Boiler  Flues,  Resistance  to  Collapsing.  A  series  of  formulas,  rules  aud  tables  of  the 
same.     Iron  Age,  Dec.  11,  1884. 

Boiler  Joint.  A  new  joint,  consisting  of  double  butt  straps,  with  three  rows  of  zig-zag 
rivets,  the  straps  being  cut  with  a  wavy  or  sinuous  outline,  there  being  only  half  as 
many  rivets  in  outer  row  as  in  the  two  inner  rows.  Develops 90  per  cent,  of  the  solid 
plate.     Engineering,  Oct.  10,  1884. 

Boilerplates,  Thick  Steel.  Strictures  on  their  use,  derived  from  experience.  VanNos. 
Eng.  Mag.,  Sept.,  1885. 

Boiler  Riveting-.  A  paper  by  Prof.  R.  H.  Smith,  containing  a  careful  investigation  of 
the  necessary  relation  of  pitch,  diameter  of  rivets  and  thickness  of  plates  for  tight- 
ness as  well  as  for  strength.  Formulas  derived  and  tables  given.  TheEngineer, 
Aug.  21,  1885. 

Boiler  Setting.  Description  and  discussion  of  merits  of  the  different  forms  of  bridge 
walls  and  combustion  chambers  in  use.     Engineer,  Feb.  20,  1885. 

Boiler  Tests  at  the  PhiUi.  Electrical  Exhibition.  Final  Report  of  the  Com.,  giving 
methods  and  results.    Jour.  Frank.  Inst.  Suppl.,  July,  1885. 

,    Code  of  Rides  for.    From  the  report  of  a  committee  of  the  Am.  Soc.  Mech.  Eng. 
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on  a  standard  method  of  steam   boiler  trials.    Sanitart/  Engineer^  June  18,1885. 
Also  American  Engineer,  Nov.  14,  1884. 
.    Standard  Methods  of  Making  Trials.  Being  the  Report  ot  the  Committee  of  the 


Am.  Soc.  Mech.  Eagrs.,  consisting  of  Messrs.  Kent,  Hoadley,  Thurston,  Emery  and 
Porter.  Containing  a  Code  of  Eules  and  methods  of  treating  the  several  problems 
involved.    Also  form  of  final  report.     Van  Nos.  Eng.  Mag.,  March.  1885. 

.    Many  short  topical  articles  by  the  different  members  of  the  committee  which 

was  appointed  by  the  American  Society  of  Mechanical  Engineers  to  report  on  the 
subject.  These  articles  cover  the  whole  ground  of  boiler  trials  for  various  purposes, 
giving  many  practical  hints  and  precautionany  measures.  Mechanics,  May  and 
June,  1885. 

Bore-Hole  Testing:  Appliances,  for  giving  a  complete  survey  of  a  bore-hole,  so  that 
its  exact  position  at  any  depth  may  be  accurately  determined.  Designed  by  E.  F. 
Macgeorge,  of  England.  A  scientific,  simple  and  efficient  device.  Engineering' 
March  13,  et  seq.,  1885. 

Boston,  Drainage  of.    See  Drainage. 

Bower-Barff  Process,  Treated  Historically  and  Analytically,  from  the  Proceedings 
of  the  Inst,  of  Civil  Engrs.,  published  in  Iron,  Nov.  28,  1884. 

Bow  Girders.  Trussed  Arches,  hinged  at  crown  and  springing,  maximum  strains  in. 
By  Emmerich  A.  Werner.  Graphically  aad  analytically  treated.  Van  Nostrand 
V.  XXXI,  p.  320  (Oct.,  1884). 

Brakes,  Friction,  some  new  forms  of,  from  a  new  French  work  on  steam  engines. 
Several  different  forms  given  with  cuts,  in  Mechanics.  New  York,  March,  1885. 

,  Train.  Discussion  of  methods  determining  their  efficiency,  and  its  ultimate  prac- 
tical limit :  with  tables  to  facilitate  computations  ;  deduced  from  experiments  on 
the  North  British  Railway.  Editorials  in  Railroad  Gazette,  May  15,  22  and  29, 
1885. 

Breakwater  at  New^  Haven,  Eng.  An  account  of  this  structure,  now  building. 
Foundations  composed  of  concrete,  laid  in  sacks  of  ICO  tons  each.  Concrete  mixer 
shown .    Engineering,  July  3,  1885 . 

Brick  Masonry,  Crushing  Strength  of.  Experiments  on.  Abstracts  of  Papers,  1885. 
(Inst.  C.  E.). 

Brick  Tests /o7-  Hoosac  Tnnnel,  as  to  absorption  and  porosity.  Jour.  Assoc.  Eng.  Soc. 
Vol.  I.,  p.  143. 

Bridge  over  the  Elbe  at  Hamburg  and  at  Harburg.  Built  1869-72.  Spans  of  about 
.325  feet,  of ''fish-belly'"  form,  built  of  wrought  iron  ;  the  upper  chord  consists  in 
itself  of  two  chords  and  panel  bracing,  as  does  likewise  the  lower  chord,  and  the 
two  are  connected  by  vertical  suspension  rods  only,  these  suspension  rods  holding 
up  the  tracK  construction.  The  constructive  analysis  of  the  bridge  makes  it  an 
arched  bridge,  with  parallel  chords  and  panel  bracing,  supported  on  towers  erected 
on  the  piers,  the  height  of  the  towers  equal  to  the  deflection  of  the  stiffened  suspen- 
sion-bridge structure  (above  spoken  of  as  the  lower  chord  of  the  "  fish-belly'"  bridge), 
and  whose  sole  office  is  to  neutralize  the  thrust  of  the  arch.  The  bridge  platform, 
or  track  construction,  is  tangent  to  this  double  lower  chord,  and  is  supported  from 
the  arch  by  suspension  members.  A  comparison  of  the  weight  of  this  bridge  with 
others  of  like  span  and  strain  on  the  materials  of  construction,  shows  it  to  be  a 
favorable  form  of  bridge-truss,  as  far  as  own  weights  are  concerned.  Zeitschrift  f. 
Banwesen.     1875-79. 

,  The  Blaanw  Krantz.  A  third  paper,  with  man.y  illustrations,  showing  it  in  proc- 
ess of  erection.     Details  and  strain  sheet.     The  Engineer,  April  17,  1885. 

,    The  New  Forth.    A  paper  before  the  Iron  and  Steel  Inst,    of  Glasgow,  by  B. 

Bake,  one  of  the  engineers.  Gives  a  general  description  of  the  structure  and  a  his- 
toric review  of  the  work  to  date.  Engineering,  The  Engineer,  Am.  Engr.,  Oct.  8; 
Eng.  News, Oct.  10,  1885. 

.    Highway.    Thi-ee-Hinged  Iron  Trussed  Arch  at  Clermont,  la.,  ot  200  feet  span. 

Illustrated.    Jour.  Assoc.  Eng.  Soc,  Yol.  III.,  p.  24. 

,    Mountain  Creek,  on  the  Can.  Pac.  Ry.    A  wooden  Howe  truss  on  timber  piers 

140  feet  high.  Total  length,  1,071  feet.  Sustains  a  10-degree  curve  on  a  100-foot 
grade.    Illustrated.     Engr.  Netvs,  Sept.  20,  1885. 

. ,  Proposed  Cantilever   over  the  St.  Lawrence  at  Quebec.    Illustrated.    American 

Engineer,  May  1,  1885. 
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Bridge.  Sijecificationsfor  the  St.  haw reace  Bridge  near  Montreal .  J'otal  length,  4^ 
miles.     I^ublished  in  full  in  Kngr.  ISlews,  Oct.  10,  1885. 

,  The  New  Tay,  described  and  illustrated;  method  of  sinking  the  cylinders  for  the 

foundation  fully  shown.     The  Engineer,  Sept.  25,  1885. 

.  The  Tower  Bridge  across  the  Thames.  London.     Cuts  and  description  of  design 

offered.  A  trussed  arch,  with  crown,  150  feet  above  high  water,  supporting  low  rail 
and  wagon  bridges,  with  lifting  draws.     The  Engineer.  May  8,  1885. 

.    See  Concrete  Arch  ;  Pontoon  ;  Stresses  in  ;  also.  Viaduct. 

Bridg'e  Foundations.    See  Foundation. 

Bridges.  Archinc/  Wooden  Howe  Trusses  to  increase  their  strength.  By  Gustav  Linden- 
thai.    Illustrated.    Jour.  Assoc.  Eng.  Soc.  Vol.  I.,  p.  83. 

,  Dead  Loads  of  Iron  Highway.  By  J.  A.  L.  Waddell,  accompanied  by  an  extended 

table.    Jour.  A.isoc.  Eng.  Soc,  Vol.  II.,  p.  277. 

,    Details  in  Ordinary  Iron.    By  J.  A.  L.  Waddell.    Illustrated.    Jour.  Assoc.  Eng 

Soc,  Vol.  II.,  p.  39. 

.    German  Regulations.    .S'eelron. 

.    Lateral  Systems  for  Iron  Highway .     By  J.  A.  L.  Waddell.     Illustrated.    Jour. 

Assoc.  Eng.  Soc.  Vol.  III.,  p.  17. 

,  Plate  Girder.    Paper,  with  formulas,  plates  and  practical  suggestions,  by  M.  J. 

Becker.  Chief  Engr.  P.,  C.  &  St.  L.  Ry.     Report  Ohio  Soc.  Surveyors.  1885. 

,  Railroad,  over  the  Elbe  at  Hamburg  and  Harburg.    Detailed  description  of  the 

large  combined  arch  and  suspension  bridges  of  306  feet  span,  completed  in  1872. 
Zeitschrift  filr  Bauwesen,  1885,  pp.  79  and  178. 

,  Weights  of.  DJaflraJJW /or  Dp^ermmwgr,  used  on  Austrian  Railroads.  Curves  given 

for  various  types  of  bridges.     Railroad  Gazette,  July  17,  1885. 

.    Further  see  Forth,  Foundations  ;    Creeping  :  Compression  Members. 

Bronzes,  S<rengr</i  of.  Prof.  R.  H.  Thurston  constructed  a  surface,  showing  in  relief 
the  relative  strength  of  alloys  of  copper,  zinc  and  tin;  and  Lieut.  Pitman,  U.  S.  A., 
drew  a  contour  chart  of  this  model.  Cuts  of  both  and  a  very  clever  editorial  discus- 
sion given  in  Railroad  Gazette,  August  7,  1885. 

Building:  Stones  of  Minnesota.  By  W.  A.  Truesdell.  Describes  nine  kinds  of  build- 
ing stones,  the  soiu"ces  of  supply,  qualities  as  determined  by  actual  use,  etc.  Jour, 
Assoc.  Etig.  Soc.     Vol.  IV.,  p.  302. 

.    Report  on  the  compressive  strength,  specific  gravity,  and  ratio  of  absorption  of 

the  building  stones  in  most  general  use  in  the  United  States.    A  pamphlet  of  about 
40  pp. ,  with  tables  and  illustrations.    By  Gen.  Q.  A.  Gilmore.    Issued  by  the  Engr 
Dept.,U.  S.  A. 

Buildings,  Height  of.    French  law  of  1884  in  full.    Sanitary  Eng'r,  Sept.  84,  1885. 

.     See  Fire-proof. 

Bulkheads.    See  Fire. 

Bunsen  Photometer,  a  new  form  of.  Dr.  Hugo  Kriiss.  By  reflection  prisms  the 
opposite  sides  of  the  oiled  spots  are  observed  side  by  side.  Electrical  Revieiv,  Nov. 
8, 1884. 

Burning  of  Iron  and  Steel,  a  short  article  showing  it  to  be  due  to  O  reduced  from 
the  cinder  in  the  case  of  iron,  and  to  the  oxidation  of  the  manganese  and  silicon,  in 
the  case  of  steel.    Iron  Age,  Nov.  13,  1884. 

C 

Cable  Propulsion  on  Street  Railways.  By  A.  W.  Wright.  Gives  methods  in  use  and 
cost  of  operating  plants  in  Chicago.  Fully  illustrated.  Jour.  Assoc.  Eng.  Soc, 
Vol.  III.,  p.  10. 

.    The  peculiar  features  of  the  Kansas  City  road,  in   Railroad  Gazette,  July  31, 

1885;  also,  for  a  32-page  edition  on  Cable  Railways,  See  Mining  and  Scientific Fr ess, 
San  Francisco,  July  18,' 1885. 

.    The  Chicago  cable  road  described  and  Illustrated.    Jour.  Assoc.  Eng.  Soc, 

Vol.  I  ,  p.  .397. 

Cable  Towing,  theoretically  and  experimentally  considered,  as  employed  on  the  Rhine. 
By  Prof.  K.  Teichmann,  Stuttgart.  Abstract  given  in  Proc.  Inst.  Civ.  Engrs.,  1884. 
Vol.  LXXXVI.,  p.  407. 

onthe  Volga.    Description  of  capstan  navigation  by  horse  and  steam  power, 

the  cable  being  anchored  a  few  miles  ahead  continuallj'  by  auxiliary  tug.  Ameri- 
can Engr..  Feb.  27.  1885. 
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Cable  Towingr.  A  theoretical  investigation  by  J.  B.  Johnson  on  the  relative  amounts 
of  work  performed  when  propelling  the  same  boat  at  different  speeds,  with  or 
against  currents  of  different  velocities,  by  cable  and  by  paddle-wheel  or  screw.  Vav 
Nos.  Eh(j.  M('(j.,  Vol.  XXIII,,  p.  369. 

Cable  Tramway  at  Highgate  Hill,  Loudon.  The  peculiar  features  described  of 
this,  the  first  cable  road  in  Europe,  opened  1884,  by  W.  N.  Colam,  before  the  See.  of 
Engrs      Van.  Nos.  Eng.  Mag.,  Aug.,  1885. 

Caissons.  Cribs  and  Coffer  Dams  used  on  the  foundations  of  the  new  Havre  de  Grace 
bridge  on  the  B.  &  O.  By.  By  Uol.  Wm.  M.  Pattyn,  engineer  in  charge.  This  work  is 
under  contract  by  Gen.  Sooysmith  &  Son,  and  the  rate  of  progress  made  bas  been 
remarkable.  Plans,  elevations  and  sections  given  of  the  caissons.  Fir.st  article  in 
Engineering  News  of  Feb.  7,  1885. 

of  the  Forth  Bridge.     A  full-page  cut  in  perspective,  also  sectional  illustrations. 

The  Engineer,  Feb.  6,  1885  ;  also  Engineering,  same  date. 

,  with  lateral  opening  against  a  rough  masonry  wall .     Descriptions  of  how   the 

joint  was  made  by  means  of  tarpaulin,  to  be  readily  set  and  removed.  Engineerina, 
.Tune  12,  1885  ;  also  Iron.  Age,  July  2, 1885. 

Calculating-  Instrument,  or  Cylindrical  Slide  Rule,  a  pamphlet  of  70  pages,  by 
Edwin  Thatcher,  describing  a  patent  device  for  treating  numbers  to  four  significant 
figures,  with  rules  for  its  use.     Van  Nostrand.  New  York, 

Calculating  MacMne.  Edmondson's.  Described  and  cut  given  in  Engineering  and 
Iron  Age,  July  2,  1885. 

Calorimeter,  a  new  form.  By  Geo.  H.  Barnes.  Apparently  very  good.  Am.  Engr.. 
Oct.  .31.  1884. 

Canal,  Erie,  On  the  Radical  Enlargerient  of  the,  to  permit  the  lake  boats  to  pass 
directly  to  New  York.  By  E.  Sweet,  with  discussion  by  Corthell,  North.  Pope.  Poe 
Drake,  Boiler,  Walkf>r,  Chesbrough.  Evans,  Clarke,  Edwards.  Merrill,  Van  Buren, 
Henry,  Chanute,  Herschel,  Cooper,  Collingwood,  and  others.  The  proposition  is  to 
increase  the  depth  to  18  feet,  width  to  100  feet  on  the  bottom,  length  of  locks  to  450 
feet,  and  make  Lake  Erie  the  summit.  Discussion  brought  out  a  mass  of  statistics 
and  opinion.  Estimate  of  cost  varies  from  $125,000,000  to  $240,000,000.  Transac- 
tions Am.  Soc.  C.  E..  February  and  March,  1885. 

.   Hydraulic  Elevator,  replacing  five  locks  by  a  single  lift  of  43  ft.,  at  Fontinettes, 

France.  Many  cuts  and  full  description.  Ti-anslated  f roni  the  French.  Sc.  Amer. 
Stippl.,  Feb.  21,  1885  ;  also  Engineering,  July  10,  1885. 

.    Inclined  Plane  to  serve  instead  of  Locks.     The  boat  floated  in  water  on  moving 

trucks  running  on  a  railway.  Illustrated.  From  the  French.  Sc.  Am.  Suppl.. 
July  4,  1885      NVf  Inclined  Plane. 

.    North  Sea  Canal  of  Holland.    An   official   report  by  Gen.  J.  G.  Barnard   to  the 

Chief  of  Engineers,  U.  S.  A.  A  quarto  of  80  pp.  and  11  plates.  Includes  also  the 
improvement  of  navigation  from  Rotterdam  to  the  sea.  Prof.  Papers  Corps  of 
Enars.,  V .  S.  Army,  No.  22. 

.    The  Same.    Open  tide-level  canal  proposed  instead  of  the  Amsterdam  North  Sea 

Canal,  which  has  locks.  Argument  that  the  most  desirable  way  to  increase  the  com- 
merce of  Amsterdam  would  be  by  changing  the  present  canal  with  locks  to  an  open 
sea-level  canal. ■■  Abstracts  of  papers.    Inst.  Civ.  Engrs.,  1885. 

,    Panama  Ship,  beius  reports  to  the  Secretary  of  the  Navy  of  Rear-Admiral  G- 

H.  Cooper.  U.  S.  N.,and  of  Lieut.  R.  P.  Rodgers,  U.  S.  N.,  with  numerous  illustra- 
tions, including  thirty-three  elegant  phototypes  (full  page)  from  photographs  taken 
in  January,  1884;  also  maps,  colored  profiles,  etc.  An  exceedingly  valuable  report 
Senate  Ex  .  Doc.  123,  48th  Congr.,  1st  Session. 

.    Relation  of  Resistance  to  Speed, on  narrow  and  shallow  water  ways.     By  R.  F. 

Conder,  M.  I.  C.  E.,  with  discussion  by  Lloyd.  Hartley.  Williams.  Gordon,  Latham, 
and  many  olhers,  making  over  100  pp.  of  matter  in  Prnc.  lust.  Civ.  Engrs.,  1884, 
Vol.  LXXVI. 

Sault  Ste.  Marie.  A  set  of  13  drawings,  18  in.  x  23  in.,  together  with  a  descrip- 
tion, and  12  photographs,  showing  details  of  construction,  stages  of  progress,  sec- 
tions, plans,  etc.  A  most  valuable  set  of  plates  issued  by  the  Engr.  Dept.  of  U.  S. 
Army.     Apply  to  Chief  of  Engrs.  (J.  S.  A.,  Washington,  D.  C,  or  to  Mem.  Congr. 

,  S7iez.  A  history  and  description  from  1809  to  1884.  Illustrated,  160  pp  Pre- 
pared under  orders  of  the  Bureau  of  Navigation.  Navy  Dept.,  by  Prof.  .1.  E.  Nourse, 
U-  S.  N.,  and  issued  as  Senate  Ex.  Doc.  No.  198,  48th  Congr.,  1st  Session. 
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Canal.    Tlie  Suez  and  its  Enlargement.    From  the  Herman,    (rives  a  historical  account 

and  the  scheme  of  enlargement.     Engr.  News,  Sept.  26,  1S85. 

— .    Si'e  further  Manchester  ship,  also  Panama,  also  Ship. 

Canals,  the  Hennepin,  and  Illinois,  and  Michigan.      Surveys  a'ld  estimates,  compari- 
son of  routes,  etc.    Rep.  of  Chief  of  Engrs.,  1883,  V.  II.,  p.  1763. 
Canal  Liock  Gates.    See  Appliances. 
Car-Cotiplers,  Automatic.     An  aceoiuit  of  the  trial  of  4'2  couplers,  at  Buffalo,  by  the 

Exec.  Com.  of  the  Master  Car-Builders'  As.soc.,  with  tables  of  particulars  and  results, 

and  cuts  of  all.    R.  R.  Gazette.  Sei:>t.'2r>,18So.     Also  editorials  giving  estimates  of 

number  of  R.  R.  employes  killed  and  injured  in  coupling  accidents.     R.  R.  Gazette, 

Sept.  18  and  'J.'),  1885. 
Car  Starters,  Theory  of.    By  J.  B.  Johnson.    Gives  mathematical  demonstrations  for 

sizes  of  steel  springs  and  air  chambers  designed  for  storing  the  energy  of  a  moving 

car.    Shows  the  futility  of  all  steel  spring  devices,  and  the  unprofitableness  of  all 

such  schemes.    Jour.  Assoc.  Engr.  Soc,  Vol.  TV.,  p.  :i93. 
Car-WJieels.    A  table  showing  percentages  of  wheels  removed  in   1884  for  various 

causes.    18,000  wheels  removed  out  of  a  total  of  300,000,  from  24  different  makers  ; 

with  editorial  discu-sion  of  the  lessons  to  be  learned  from  this  remarkable  exhibit. 

Railroad  Gazette,  June  5  and  1'2,  1885. 
Cars.    See  Combination  Cars. 
Castings.    Defects  in  Structural  Casting.^.    By  Th.   D.  West.    Gives  many  valuable 

facts  concerning  the  design  and  execution  of   such  work.      Jour.  Assoc.   Eng.  Socs.'' 

Vol.  II.,  p.  247. 

.    See  Malleable  Iron  Castings  ;  also,  Steel  Castings. 

Cement,  Ecperiments  on  the  rate  of  hardening,  with  chemical  analyses,  ranging  from 

one  day  to  six  months,  both  in  air  and  water.      From  the  French.      Van  Nos.  Eng. 

Mag..  May,  1885. 
.  Influence  of  Sand   upon.     From  the  German.    Results  of  experiments,  showinjj 

remarkable  differences  in  ultimate  strength,  due  to  different  qualities  of  sand  used. 

Eng.  News,  July  11,  1885. 
,   Portland.    A  paper  before  the  Soc.  of  Engrs.,  London,  by  Henry  Fai.ia,  M.  I. 

C.  E.  ;  with  especial  reference  to  the  drawing  of  specifications.      Discusses  (1) 

Fineness,  (2)  Soundness,  (3)  Tensile  Strength.    The  writer  seems  familiar  with  the 

manufacture  of  Portland  cement,  and  speaks  with  authority.    Am.  Engr.,  July  16. 

1885. 
,  Tests  of.    An  answer,  b.y  experiments  extending  over  6  years,  for  Boston  Main 


Drainage  Works,  of  many  questions  relating  to  the  use  of  cement.  Tr.  Aiti.  Soc.  C. 
K.,  Vol.  XIV.,  p.  141.    Also  in  .Bh;/.  iVews,  July  4.  1885.    Illustrated. 

Cement  Tests,  a  Uniform  St/stem  for.  Preliminary  report  by  a  committee,  with  dis- 
cussion.    Tr.  Am.  Soc.  Civ.  Engrs..  V.  XIII.,  p.  53.     See  also  Portland  Cement. 

,  How  to  make  them,  and  their  significance.  Some  new  points  insisted  on.  Engi- 
neering, Aug.  14,  1885. 

Chaining',  Errors  in.  A  Report  on,  by  Prof.  Mansfield  Merriman,  giving  probable 
errors  for  different  distances.  Land  Office  Report  of  Secretary  of  Internal  Affair$ 
of  Pennsylvania,  1884. 

,  Errors  in.   Due  to  Lengthening  of  Chain,   by  straightening  of  the  links.    Eng. 

News,  Oct.  3,  1885. 

,  Errors  in.    By  Prof.  I.  O.  Baker.    Discusses  the  various  sources  of  error,  and 

gives  examples  of  accuracy  attained.     Eng.  News,  Sep*'-.  19.  1885. 

.  Precision  of.  An  investigation  of  the  probable  error  of  chaining,  due  to  erro- 
neous manipulation  and  not  from  erroneous  length  of  standard.  By  Mansfield  Mer- 
riman, in  An.  Rep.  of  Sec' y  of  Int.  Affairs  for  Penn.,  1884. 

See  Surveying,  Land. 

Chemical  Obstructions  in  Iron  "Water  Pipe,  describing  samples  in  Philadelphia, 
with  facsimile  lithographic  plate.  By  Col.  Wm.  Ludlow.  Proc.  Engrs.'  Club,  Phila- 
delphia, V.  IV.,  No.  2,  p.  65. 

Chimney  Construction.  An  illustrated  article  on  boilers  and  chimneys.  Iron  Age, 
Nov.  13,  1884. 

.     A  continuation  of  a  paper  by  R.  M.  and  F.  J.  Bancroft,  England.     Gives  an 

account  of  one  of  Professor  Rankine'sstructiu-es.  Eng.  News,  Aug.  22,  Sept.  12,  aad 
Oct.  31,  1885.      Also  Am.  Archt.,  June  6,  et  seq.,  1885. 

.    Construction   of  several   large  chimneys  in  this  country,    at    Lawrence    and 
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Lowell,  Mass.,  at  New  York  City  and  at  Johnstovva,   Pa.     Tr.  Am.  Soc.  C.  E.,  April. 

188.^,  and  Eni/r.  News,  July  11  and  18,  1883. 
Chimney  Draft,  The  Measurement  of.    By  H.  W.  Spangler.    A  description  of  various 

methods  used  for  this  purpose,  by  which  the  amount  of  the  draft  is  ma?;nifled  for 

direct  measurement.    Proc.  Phil.  Eng.  Club,  Vol.  IV.,  No.  5. 

.    Ser  Draft. 

Chimney  Gases,  Analysis  of,  by  apparatus  designed  by  Prof.  Elliott,  of  Columbia, 

Cal.     Cut  of  instrument,  methods  of  use  and  chemical  formulas.     Mechanics,  Jan., 

1885. 
Chimneys  :  Righting  those  which  have  become  inclined.    A  description  of  a  sucessful 

method  employed  by  removing  courses  of  brick,     irou.  Nov.  iil,  1884.     Another 

method  in  Van  Nostvand' s  Eng.  Mag.,  Jan.,  1885. 
,  the  proper  size  of.    By  William  Kent.     A  paper  read  before  the  Am.   Soc.   of 

Mech.  Eng. ;  gives  formulas  and  table  of  sizes  for  given  horse-power  of  boilers.    Am. 

Engr.,  Nov.  28,  1884.    Also  Mechanics,  Jan.,  1885. 

■.    See  Draught  Gauge. 

Circular  Lock  Gates,  the  Strength  of.     By  C.   H.  Romanes.     A  series  of   articles 

beginning  Nov.  CI,  1884,  in  The  Engineer. 
City  Statistics,  for  eighty-five  of  the  largest  cities  in  the  world.    Given  in  connection 

with  the  annual  address  of  the  President  of  the  Inst,  of  Civ.  Engrs.,  London.  Among 

the  items  given  are  :  Population  ;  no.  of  houses  and  ratable  value  ;    length  of  streets 

and  sewers;    water  supply,  source  and  amount ;    rainfall;    amount  of  refuse  and 

methods  of  removing  same  :  no.  of  police  ;    no.  public  vehicles  on  the  streets  daily  ; 

length  of  tramways  or  horse  railroads  ;    no.  of  slaughter  houses  and  management  ; 

metliod  of  lighting  streets,  and  annual  death  rate.      Proc.  Inst.  Civ.  Engrs.,  1884, 

Vol.  LXXVI. 
Coal.    See  Anthracite. 
.  Comparative  Merits  of  Bituminous  and  Anthracite  Coals.     Fully  considered 

for  naval  uses  by  a  special  board  of  naval  officers.    Iron  Age,  May  21,  1885. 
Handling  Machinery.    Simmeriy's  system  of  elevatmg  derrick  and   buckets  for 


reducing  breakage  loss.    Iron  Age,  Oct.  8,  1885. 

.  Relative  Value  to  the  Consumer  ot  certaXn  Pennsylvania  anthracites.    By  H.  M. 

Chance.     Trans.  Inst.  Min.  Eng.,  Vol.  XIII. 

.    .S'ee  Mining. 

Coefficient  of  Contraction.  Note  on  the  deter raiiiatioD  of  the  coefficient  of  contrac- 
tion of  the  fluid  vein.  By  M.  Ed.  Collignon.  Some  considerations  regarding  the  theo- 
retical determination  of  the  coefficient.  Annates  des  Ponts  et  Chaussees.  1885, 
March,  pp.  295-303. 

Coast  Survey  Matters.  An  article  on  Political  Scientists,  with  replies  to  the  same, 
one  of  which  is  by  Prof.  Agassiz.  The  Nation,  Aug.  20,  Sept.  3,  Sept.  17,  and  Sept. 
24. 1885. 

Coffer  Dams.  By  J.  J.  de  Kinder  and  E.  F.  smith.  Two  short  papers,  with  drawings. 
Proc.  Eng.  Club  of  Phila.,  Vol.  IV.,  No.  4. 

Coffer-Dam  and  Crib  of  the  Point  Pleasant  Railroad  Bridge,  \V.  Va.  A  coffer- 
dam, with  puddle-wall,  inclosing  an  inner  caisson  or  crib,  inside  of  which  the  exca- 
vation is  made.    Illustrated.    Engineering  News,  M-drch  14,  1885. 

Coke,  Value  of.  Discussion  of  a  paper  on  the  use  of  coke  in  blast-furnaces.  Read 
before  the  Iron  and  Steel  Institute  by  I.  Lowthian  Bell.  Engineering,  May  15 
1885. 

College  Mathematics.  An  address  by  Prof.  H.  T.  Eddy  before  the  Mathematical  Sec- 
tion of  the  Am.  Assoc.  Adv.  Sc,  1884.  A  vigorous  protest  against  the  traditional 
spirit  and  methods  in  vogue  in  our  classical  schools.  Apply  tj  the  author,  at  Cin- 
cinnati, O.,  for  copy. 

Combination  Cars.  Systems  in  use  on  railroads  in  Belgium  and  in  Rhenish  Piussia. 
Annates  des  Pouts  et  Chaussees,  1884-2-6.35. 

Combustion  of  Fuel  in  Furnaces  by  Natural  and  by  Forced  Draught.    A  descrip- 
tion  of  a  great  many  experiments  made  in  England,  with  results  and  conclusions. 
By  James  Howdon.    Reprinted  from  Iron  in  Van  Nost rand,  V.  Ill,,  p.  248  (Sept. 
1884). 

Compass  Deviation  of  vessels  and  the  conversion  of  compass  courses.  By  H.  C. 
Pearsons.    Report  Mich.  Assoc.  Surveyors,  1882. 

Compensation  for  Railroacl  Curve.     By  William   R.   Morley,  with  valuable  dis- 
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cussion,  giving  l)otli  theory  and  practice  on  many  roads.  Tr.  Am .  fine.  Cir.  Engrx.. 
V.  XIII..  p  18S. 

Compovmd  Engines.  A  very  complete  description  of  Willaii"s  receiver  coniponnd 
engine,  for  which  an  economy  of  ™'4  lbs.  of  steam  per  indicated  horse-power  per 
hour  is  claimed  when  indicating  only  eight  horse-power.  EiKjinecrinn,  April  17, 
1885. 

.     A  description  and  drawings  of  engines,  boilers  and  feathering  paddle-wheels  of 

new  steamer  Normandy.     Enyineeriny.  March  20,  18S5. 

.     The  Relative  Eronomy  of  Simple  und   Compound    Engines.    An  argument  in 

favor  of  the  simple  engine  for  mills  and  factories.    Am.  Eiigr.,  April  24,  1885. 

.  A  table  giving  tonnage,  dimensions,  size  of  cylinders,  boiler  pressure,  propor- 
tions between  cylinders,  name  of  builders  of  engines,  and  date  of  building  of  steam- 
ships having  triple  expansion  engines.  By  J.  F.  Redman.  Engineering,  Feb.  14, 
1885. 

Compressed  Air  Apjilied  to  Mining.  A  paper  before  the  Liverpool  Society  of  En- 
gineers. A  general  discussion  of  the  ad  vantages  derived  from  its  use.  Engineering 
News.  April  11.  1885. 

.     Efficiency  of.    By  Prof .  C.  M.  Woodwai'd.     A  development  of  the  fundamental 

equations,  with  illustrations  showing  effects  of  jacketing  and  compounding.  Jour- 
nal of  Assoc,  of  Eng.  Sac.  Vol.  111.,  p.  101. 

Machinery.     See  Heat. 

.  Miifive-Fower  .Supply  at  Birmingham,  Eng.     A   new  company,  with   capital  of 

$1,. 500,000,  to  supply  motive  power  to  all  parts  of  the  city  :  with  some  mathe- 
matic  discussion,  table  showing  loss  of  head,  etc.  The  Engineer,  reb.  6  et  seq. 
1885. 

Compression  Members.  Full-sized  members  tested  to  failure  at  Keyston  Bridge 
Co.'s  VVDrks.  Especially  valuable  as  showing  failure  of  columns  at  the  ends  due  to 
cutting  away  the  flanges  of  the  channels.  Illustrated.  Jour.  Assoc.  Eng.  Soc,  Vol. 
1.,  p.  U7. 

Concrete  Arch  Bridge,  built  in  12  hours,  by  65  men,  39'  4"  span,  6'  6%"  rise  of  arch 
Cost  in  Switzerland,  complete,  alwut  $600.  Abstracts  of  Papers,  Pi'k-.  In.nf.  Civ. 
Engrs..   1885. 

E.vstruction.     A  new  adaptation  of  Portland  cement  concrete  to  buildings.    The 

walls  formed  of  molded  blocks  ou  the  two  outer  sides  of  the  wall,  witli  concrete 
filling.    Well  illustrated.     Iron,  Sept.  25.  1885. 

U3ed  to  build  a  harbor  pier.    Scow-loads  sunk  in  a  body  by  lining  scow  with  sail 

cloth,  then  sewing  upper  edges  of  cloth  togethar  over  the  load,  and  sinking  the 
whole  through  movable  scow-bottom.  Also  concrete  mixer  for  this  work,  New 
Haven  harbor,  in  England.    Zeitschrift  f.  Bauwesen,  1884-.309. 

under  icater.     New  plant  lor  depositing  concrete  under  water  in  bulk.     Annales 

des  Fonts  et  Chaussees,  April,  1885.    Also  Eng.  News,  June  13,  1885. 

Conduits.  Sici 6i7 j7j/ o/5/-/cfc  coudatis,  by  A.  Ftele.y,  including  method  of  measuring 
their  distortion.    Illustrated.    Jour.  Assoc.  Eng.  Socs.,  Vol.  II..  p.  123, 

,  Underground,  for  Electric  Wires.    Report  of  Examiners  on  the  exhibit  in   this 

section  at  the  recent  electric  exhibition  at  Phila.  A  pamphlet  of  55  pp.,  is9ued  as  a 
supplement  of  the  Jour.  Frank.  Inst,  tor  February,  1885.  The  report  describes 
thirteen  systems,  and  is  illustrated  by  many  cuts. 

Co-operative  Societies  of  Workmen  in  France.  A  sketch  of  the  organization  and 
experience  of  several  French  societies,  for  division  of  profits  of  work  and  for  mutual 
pensions  and  life  insurance,  from  1842  to  date.  Twenty-three  pages.  Not  enough 
statistics  given  to  be  very  instructive.  Men^oires  de  la  Societe  des  Ingenieurs  Civils, 
Paris,  November,  1884. 

Continuous  Girder,  Application  of  Theorem  of  Three  Moments  to  Computation  of. 
By  Associates  of  the  Royal  Col.  of  Sc.  for  Ireland.  Analytical  and  graphical  treat- 
ment, but  no  improvement  on  American  methods.     The  Engineer,  Sept.  5,  1884. 

Copper.    .s"ee  Iron.  Steel  and  Copper. 

Corrosion  o/ an  Iron  Water  Main.  By  P.  D.  Borden.  , Jr.,  and  Wm.  Ripley  Nichols. 
An  exhaustive  account,  with  chemical  ana'yses,  of  a  peculiar  case  of  corrosion, 
wherein  t,he  iron  is  reduced  to  a  state  similar  to  plumbago.  Jour.  A.<is'yc.  Eng.  Socs  , 
Vol.  IV.,  p.  274. 

of  Ca^t-Iron  Pipes.    Causes,  methods  of  action,  effects,  etc.    By  Sam'l  McElroy. 

Jour.  Assoc.  Eng.  Socs.,  Vol.  II.,  p.  287- 
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Corrosion  in  Steam  Boilers.  By  W.  J.  Norris,  M.  I.  N.  A.  An  examination  into  the 
various  theories  offered  in  explanation  of  the  "'  pitting""  of  boilers  and  steamdrums, 
with  arguments  in  favor  of  the  theory  of  oxidation  by  free  oxygen  in  the  water.  Re- 
printed from  the  Trans.  Inst.  Naval  Architects,  by  the  Bureau  of  Navigation,  Navy 
Department.    Naval  Professional  Papers,  No.  16. 

,  The  Relative  of  Iron  and  Steel.    By  William  Parker,  Chief  Engineer-Surveyor  of 

Lloyd's  Register,  London.  A  paper  giving  a  brief  analysis  of  the  experiments  of 
the  Admiralty  Boiler  Committee,  together  with  an  account  of  further  experiments 
made  by  the  writer  for  the  committee  of  Lloyd's  Register.  Reprinted  from  Trao.*. 
Tiisl.  Naval  Architects.  Bureau  of  Navigation,  Navy  Department.  Naval  Professional 
Papers,  No.  14. 

Corrosive  EflFects  of  Steel  on  Iron  in  Salt  Water.  By  J.  Farquharson,  M.  I.  N.  A.  A 
paper  giving  an  account  of  experiments  by  the  author.  Reprinted  from  Traxs.  I)i.^t. 
Naval  Architects,  by  Bureau  of  Navigation,  Navy  Department.  Naval  Professional 
Papers,  No.  14. 

Couplers.   See  Car. 

Crank  Shafts,  the  Sfvnijth  of.  A  review  of  Mr.  Longridge's  report  to  Engine  and 
Boiler  Insm-ance  Co.,  of  Manchester,  Eng.  The  Engineer,  Oct.  24,  1884.  Sec  also 
Shaft,  and  Steamboat. 

Creeping:  of  Bridge  Spans  on  the  Louisville  Bridge,  over  the  Ohio  River.  By  M.J. 
Becker,  Chief  Engineer  P.,  C.  &  St.  L.  RR.  Sully  illustrated.  Ends  similarly  sup- 
ported, not  on  rollers,  with  movementsnot  more  than  may  be  attributed  to  changes 
in  temperature.     En<jineering  News,  March  :28,  1885. 

Creeping-  of  Bails  on  the  St.  Louis  Bridge.  By  J.  B.  Johnson.  The  amount  of  this 
creeping  is  400  feet  a  year  in  the  direction  of  the  traffic,  independent  of  an  80-foot 
grade.    Theory  of  its  cause  advanced.    Jour.  As.soc.  Eng.  Socs..  Vol.  IV.,  p.  1. 

Crib  Sinking  at  Chicagro.  The  method  pursued  on  the  Great  Lakes  to  build  and 
hold  wooden  cribs  against  undermining  and  lateral  displacement.  A  folio  pamphlet, 
with  plates,  issued  by  the  Engr.  Dept.,  U.  S.  A. 

Cribs,  New  Arrangement  of  Superstructive,  for  increased  cheapness  and  strength. 
Rep.  Chf.  of  Engrs.,  188:5,  Vol.  II.,  p.  1810. 

Cross  Ties,  Average  life  of,  for  different  kinds  of  timber.  Abstract  of  report  to  De- 
partment of  Agriculture.    Eng .  Neivs,  Aug.  29,  1885. 

.     Discussion  as  to  the  proper  number,  length,  and  cross  section.      Editorial  in 

Railroad  Gazette,  April  10,  ]885- 

-,  Mctallir.     Types  of  metallic  ties  in  use  on  German  railroads,  with  their  chairs 

and  modes  of  fastening  rails.  Well  illustrated.  Anwric  in  Engineer,  March  13, 
188.5.     See  also  Iron  Sleepers,  and  Railroad. 

Croton  Aqueduct.  A  description  of  the  new  aqueduct.  By  A.  Fteley,  Executive 
Engineer.     Science,  June  li),  and  Engr.  News,  .luly  11,  1885. 

Crucible  Cast  Steel  A  description  of  the  methods  of  manufacture  as  followed  at 
Sheffield,  England.  Tne  paper  was  read  before  the  Iron  and  Steel  Institute  at  its 
own  request,  and  has  considerable  value  as  givinx  the  various  stages  of  the  processes 
with  considerable  minuteness.     Van  Nos.  Eng.  Mag.,  Dec,  1884. 

Crushing  Strength  of  Ice.  Beingaccountof  theelaborateexperimentsbythe  govern- 
ment.    Col.  Wm.  Ludlow.    Proi:  Eiigrs\  Club.  Philadelphia,  Vol.  IV.,  No.  2,  p.  9:5. 

Culverts,  Box,  Mar inium  Spans  of,  ior  vsLTion'i  loads  and  thicknesses  of  stone.  By 
Kmil  Low.  C.  E.     Engr.  News,  July  25,  1885. 

Cui-rent  Meter.  Lippraann.  Elect.  iJcv.  iLond.),  Feb.  21,  1885.  An  ingenious  and 
simple  recording  meter.' 

,  Ob^i-rvdtions.    Report  on  Experiments  on  Mississippi  River  at  Burlington,  la.,  in 

October,  1879.  Illustrated  with  one  sketch  and  41  plates.  Issued  separately  by 
Engr.  Depr.,  U.  S.  A. 

.Testing.  By  Robert  Gordon .  Paper  read  before  the  British  Inst,  of  Mech.  En- 
gineers.   Illustrated.    jVfi"c/((n//r.s-,  New  York.  .July,  1884. 

Current  Strength,  Measurement  of.  With  a  shunted  galvanometer  By  Carl 
Hering.     Electrician  and  Electrical  Engineer.  January.  1885, 

Cylinder  Condensation.  An  exhaustive  investigation  on  a  250  horse-power  engine. 
The  paper  was  presented  to  the  Ann  Arbor  meeting  of  the  Am.  Assoc.  Adv.  Sc,  by 
Professor  Thurston.    Jour.  Frank.  Inst.,  October,  1885,  e^  seg. 
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Dam  Consti'uction,  Defective.  By  W.  B.  Rider.  Attention  called  to  the  effects  of 
frost  and  ice  on  reserroir  embankments  and  walls.  Illustrated.  F}ng.  .Veirs,  Jun* 
6,  1885. 

Declination  of  Needle,  as  reported  by  various  observers.  Table  of  one  page.  Report 
Hich .  Assoc.  Surveyors,  1882.   See  also  Magnetic  Declination . 

Derrick,  lately  built  b.y  the  American  Shipbuilding  Company  of  Philadelphia.  H.  H. 
(lorringe.    Proceedings  U.  S.  Naval  Institute,  No.  32. 

Derrick  Grappel.    Srr  Appliances. 

Derrick  "Winch,    .see  Appliances. 

Deterraination  of  Time,  Longritude,  Latitude  and  Azimuth  by  means  of  the 
transit  instrument.  A  very  exhaustive  treatment  of  the  subject.  U.  S.  C.  and  O. 
Sur.  Rep.,  1880. 

Distribution;of  Steam  in  Cities.  By  W.  P.  Sbinu,  in  Traii.'i.  Am.  Inst.  Min.  Engrs., 
Vol.  XII. 

Distribution  of  Power.    .See.  Power. 

District  Steam  Supply,  or  Heating  Buildings  by  Steam  from  a  Central  Source. 
By  J.  H  Bartlett,  being  a  pamphlet  containing  a  paper  read  at  British  Assoc,  at 
Montreal.  Gives  methods  used  at  various  places,  cost,  causes  of  failure,  etc. 
Address  the  author  at  17  Hamilton  Chambers,  Montreal,  Can. 

Ditches,    Flotv    of   Water  in.    A  paper    read    before    the    Technical  Society  of  the 
Pacitlc  Coast  by  Aug.  J.  Bowie,  Jr.    Gives  a  full  discussion  of  the  value  and  methods 
of  measuring  the  miner's  inch,  and  also  methods  of  determining  the  discharge  of 
ditches. 
— — .    See  also  Drainage. 

Docks  for  Freight  Handling  at  New  York  City,  being  an  account  of  the  terminal  facili- 
ties of  the  Penn.  Ry.  at  New  York.  Fully  illustrated.  Shows,  also,  section  of  new 
river  wall  on  pile  foundation  on  North  River.  Railroad  Gazette,  Feb.  20  and  27, 
188.5.    See  also  Terminal  Facilities. 

Dock-Walls.  Twenty-three  feet  of  water  at  low  tide  in  front  of  them,  built  m  form  of 
hollow  piers  3:!'  X  22'  in  plan,  by  27  ft.  high,  the  well-hole  19'  X  8'  in  plan,  sunk  by 
pumping  out  the  water  and  excavating  inside  the  well-hole,  then  filled  with  concrete. 
The  piers  set  3  ft.  apart  and  sunk  at  intervals;  first  every  otherone,  then  the  missing 
ones.  Cost  of  excavation,  of  net  measurement  of  exterior  of  the  completed  piers, 
including  cost  of  pumping,  stagings,  lighting,  fuel,  cost  of  plant,  with  cost  of  repairs 
and  charging  w^hole  original  cost  of  plant,  inclusive  also  of  all  supplementary  work, 
and  excluding  only  cost  of  masonry  laid  in  cement  above  ground,  but  by  tide-work, 
was  about  82  05  per  cubic  yard;  of  which  price  about  63  cts.  represents  the  cost  of 
the  plant.  Annales  des  Fonts  et  Chaussees,  1S85-1-96.  See  also  works  on  the  Plan- 
tation quay  at  Glasgow,  described  in  the  same  journal.  February,  1876,  and  on  the 
Rochefort  wet-dock,  February,  1884. 

Drainage  Ditches.  Formulas  for  cross-section  and  slope,  for  maximum  discharge 
imder  given  conditions.    By  R.  F.  Hartford.   American  Engr.,  Fob.  27, 1885. 

.    By  L.  S.  Alter.    Discusses  size,  depth. 'location,  and  slope.     Proc.   Ind.  A-i.ioc. 

Siirvr.-<.<ii(d  Eiigfx.    L.  S.  Alter,  Sec'y,  Rensselaer,  Tnd. 

Drainage  Machinery  m  the  Valley  of  the  Po.  The  water  drawn  off  by  ditches  and 
pumped  into  the  river.  Pumps  of  three  kinds,  centrifugal,  turbines,  and  lifting 
wheels.  The  latter  most  efficient,  giving  80  per  cent,  efficiency.  Proc.  Inst.  Civ. 
Engrs.,  Vol.  LXXXI.,  p.  402. 

Drainage,  Land,  Report  of  committee  upon.  Also  a  piper  upon,  by  D.  W.  Pampel. 
Revert  Ohio  Society  Surveyors,  1884. 

Paper  by  R.  C.  Carpenter.    Report  Mich.  Assoc.  Surveyors,  1882. 

.  The  Problem  of  Just  Apportionment  of  cost  (of  construction  of  among  land- 
holders benefited  thereby).  A  statement  of  legal  principles  involved.  ByE.  B. 
Opdycke.  Also  a  -shorter  paper  on  same  subject  by  J.  L..  Geyer.  Report  Ohio 
Society  .'Purveyors,  1885. 

,  Hini.tc.     .See  House  D. 

Drainage  and  Sewerage  of  Hyde  Park,  111.,  Report  upon.  By  Benezette  VVilliams 
and  .John  A.  Cole,  Civ.  Engrs.,  Chicago.  A  60-page  pamphlet,  with  large  map.  The 
report  based  on  a  careful  topographical  survey.  The  project  involves  many  new 
features.    Apply  to  the  authors. 
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Drainagre  "Woi'ks  of  the  City  of  Boslun.     By  Eliot  C.  Clarke.    Full   description  of  the 

new  main  works,  their  origin  and  working.    Fully  illustrated  ;  31  plates.    Text.  110 

pages,  with  Appendix  giving  results  of  a  very  extended  and   painstaking  series  of 

cement  tests,  the  latter  reprinted  from  a  paper  presented  to  Am.  Soc.  Civ.  Engrs. 

Boston.  1885.    Valuable. 
Drain  Pipes,  Willow  Roots  in.    An  account  of  the  obstruction  of  glazed  tile  drains,  8 

inches  in  diameter,  with  mortar  joints,  by  willow  roots,  these  having  grown  through 

the  mortar.    A  remedy  offered.     F.  A.  Calkins,  in  Engineering  News,  Dec.  20.  1884. 
Drains,   Testhiu.     An  unpatented  appliance,  readily  procured,   devised  by  Charle.s 

Hawksley,  M.  Inst.  C.  E.      Illustrated  by  cut.     Tests  soundness  of  all  traps  and 

joints  in  a  house  system     Saiiilttry  Engineer,  March  26.  1885. 
Draught,  Forced,  for  Boilers.     Report  of  a  series  of  trials  of  an  apparatus  for  trans- 
ferring part  of  the  heat  of  the  escaping  flue  gases  back  to  the  furnace.    Read  by 

J.  C.  Hoadley  before  Am.  Soc.  Mech.  Engrs.    American   Machinist,  June  13, 1885. 

.Sec  also  Forced  Draught. 
Draug'ht  Gaug'e,  a  Simple  Form  of,  for  measuring  the  draught  of  chimneys.    Designed 

by  Prof.  J ,  Burkitt  Webb.    Consists  of  an  ordinary  pair  of  pan  scales,  with  vacuum 

chambers  sealed  with  mercm-y  and  connected  with  the  flue.    Jotir.  Frank.  Inst., 

June,  1885.     See  Chimney  Draught. 
Drawing's.    A  system  for  an  office.    By  Henry  R.  Towne,  in  Mechanics,  June  and 

July,  1884.    .sve  also  Workshop  Drawings. 
Dredg-e,   Hydraulic.     Works  to  a  depth  of  15  feet  and  excavates  50  tons  per  hour. 

Sectional  views  shown.      Bruce  and  Batho's  system.    Engineering,  June  12,  1885. 
Predgres  Used  on  the  Panama  Canal,  of  American  Manufacture.     A  large   cut,  with 

description.    Capacity,   1,000  cubic  yards  per  hour  deposited  on  the    bank.     Sc. 

Amer.  Suppl.,  Feb.  14,  1885  ;  also  Sci.  American,  Aug.  15,  1885. 
Dredging  at  Oakland  Harbor.  Cat.,  hein^  a,n  account  ot  extensive  operations  where 

the  material  is  pumped  up  and  forced  through  long  lines  of  pipe  to  the  deposit  beds. 

With  plate.     Tr.  Am.  Soc  Civ.  Engrs.,  Vol.  XIII.,  p.  9. 
Drill,  Cheap  Portable.     See  Appliances. 
Dynamo-Electric  Macliines.    On  the  Theory  of  Alternating  Currents,  particularly  in 

reference  to  two  alternate  current  machines  connected  by  the  same  circuit.      Being 

elaborate  experiments  to  determine  the  effect  of  coupling  them  in  parallel  circuit 

and  in  series,  with  the  mathematic  discussion.    By  J.  Hopkinson,  F.   R.   S.,  in   The 

Engineer  for  Dec.  5  and  13,  1884. 
.    An  account  of  elaborate  experiments,  with  cuts  of  apparatus  used  by  Alabaster, 

(iatehouse  &  Co.,  London,  copied  from  Engineering  in  September  No.  of  Mechanics, 

New  York. 
— — .    A  lecture  by  Prof .  Forbes,  at  the  Electrical  Exhibition,  developing  the   subject 

from  the  simple  and  elementary  facts  to  the  ordinary  generators  and  motors  now  in 

use.    Jour.  Fr.In.st.,  Dec,  1884. 
Hynamo,  Ball  Uni  volar.    C.W.Raymond.     Electrician  {'H.  Y.),   Feb.,   1885.     Gives 

details  and  results  of  tests. 
,  Test  of  an  Edison-Hopkinson .     Giving  efficiency  and  results  of  a  continuous  run 

for  14  days.    Elec.  Rev.,  Jan.  24,  1885. 

.  21u-  Thomson- Houston,  with  detail  drawings.     Electrical  Review,  Nov.  15-22. 

,   Theory  of.     By  Prof.  Rowland,  at  National  Conference  of  Electricians.    Electric ^ 

Rev  ,  Nov.  J,  8,  15  and  22,  1884. 
Dynamometers.    A  description  of  several  styles,  with  the  principles  on   which  they 

act.    Bj'  C.  F.  White.  Jour.  Assoc.  Engr.  Soc,  Vol.  IV.,  p.  333.    See  also  Indicators. 

Earth,  The  Figure  of.  By  Frank  C.  Roberts,  C.  E.  An  historical  and  mathematical 
paper,  showing  the  various  ways  in  which  the  spheroidal  form  is  determined.  Van 
No.s.  Eng.  Mag.,  March.  1885. 

Earthquakes,  r/(e  8pa((/s/i.  By  C.  G.  Rockwood,  Jr.  With  sketch-maps  and  views. 
Also,  four  other  papers  on  the  same  subject.     Science,  March  6.  1885. 

Earthenware  Pipes.  Report  of  Tests  upon,  to  determine  fitness  to  replace  iron 
piping  in  house  sewerage,  the  tests  being  especially  to  determine  imperviousness 
to  gas  and  water  after  construction.  By  James  J.  Powers,  Dept.  of  Health,  Brook- 
l.yn,  N.  Y. 

Earthwork.    A  paper  by  George  J .  Specht,  before  the  Tech.  Soc.  of   the  Pac.   Coast. 
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Treats  of  hull  construction,  and  also  the  results  of  extended  investigation  of  the 
relative  volumes  in  cut  and  flU.  Also  gives  the  German  method  of  computing  haul, 
with  a  full-page  diagram.  A  valuable  paper.  Reprinted  in  Kng.  News,  Aug.  22, 
1885.  , 

.    The  Profile  of  Quantities.    From  the  German.    Illustrated.    A  graphical  method 

of  determining  grade  liae  and  haul  for  given  relations  of  cut  and  fill.  Am.  Kngr., 
Oct.  1.  188.-.. 

.    Theory  of  Calculating  Slopes.     By  Prof.  Merriman.     Wherein  the  cohesion  of 

the  material  is  taken  into  account.    Engineering  News,  March  14, 1885,  et  aeq. 

.    Si'f  also  Railroad. 

EfiQ-ciency  of  Fluids  in  Vapor  Engines:  being  a  somewhat  exhaustive  theoretical 
investigation  into  the  relative  efficiencies  of  the  vapors  of  wator,  alcohol,  ether, 
bisulphide  of  carbon,  and  chloroform,  when  used  as  sources  of  motive  power.  Van 
Nos.  Eng.  Mag..  Nov.,  1884. 

Electricians,  Nafional  Conference  of,  Philadelphia.  Addresses  of  President  Row- 
land and  Sir  Wm.  Thomson.    Electrical  Reviev:,  Oct.  18,  1884. 

Electricity,  Exhibition  at  Philadelphia.  General  report  of  the  Chairman  of  the 
Committee  on  Exhibitions.  An  historical  and  descriptive  account,  accompanied  by 
many  full-page  solar  prints  of  special  exhibits.  Jour.  Frank.  lust.  Snppl.,  July, 
1885. 

.    Report  of  Boards  of  Exananers  on  Telegraphs,  Electro-Dental  Apparatus  and 

Applications  of  Electricity  to  Warfare,  as  shown  in  the  recent  Electrical  Exhibition 
in  Philadelphia.  Making  44  pp.,  well  illustrated,  in  Jovr.  Frank.  Inst..  March  and 
April,  1885. 

.    Report  on  the  International  Exhibition  at  Paris  in  1881.     By  Major  D.  P.  Heap, 

U.  S.  A.  A  book  of  270  pp.,  issued  by  the  Engr.  Dept.,  U.  S-  A.  The  work  is  mainly 
confined  to  electrical  engineering  subjects. 

anri  Health.     See  Physiological  Bearing,  etc. 

.    Set'  Secondary  Batteries. 

Electrical  Accumulators,  Discharge  of.  By  E.  Frankland.  Gives  conditii  ns  of 
successful  working  and  shows  that  currents  of  25,000  amperes  maybe  obtained  from 
100  cells.    Electrical  Review,  Oct.  25,  1884. 

Electric  Apparatus.  See  Dynamos  :  Galvanometers;  Gramme  Generator  and  Motor, 
and  Governors. 

Electric  Batteries,  Secondary.  An  historical  and  descriptive  paper  by  F.  G.  Howard, 
Stud.  Inst.  C.  E.    Electrical  Review,  June  20,  1885. 

.     On  the  Charging  of.  for  obtaining  an  efficient,  uniform  and  constant  source  of 

currents  for  electric  lighting.  By  Wm.  H.  Preece,  F.  R.  S.  Illustrated.  Electrical 
Engr.,  New  York,  July,  1885. 

.    Desci'iption  of  a  large  one  for  commercial  distribution,  by  E.  P.  Roberts,  M.  E., 

before  the  Am.  Inst,  of  Electr.  Engrs.    Electrical  Engr.,  New  York,  July,  1885. 

Electric  Circuits,  Linen  for,  the  construction  of.  By  Th.  D.  Lockwood.  .K  series  of 
valuable  articles  giving  working  methods.  Elerfrlral  Engr.,  New  York,  May,  June, 
July,  et  seq.,  1885. 

Electricity,  Distribution  of.  Geo.  Forbes.  Electrical  Review,  London,  Feb.  7.  14 
and  21,  1885.  Contains  tables  of  sizes  of  conductors  for  currents  from  two  to  two 
thousand  amperes  and  of  net  annual  cost  per  electrical  horse-power. 

.    Two  lectures  by  Prof.  Geo.  Forbes,  London.    Gives  the  latest  knowledge  as  to 

principles  and  practice  in  distributing  electricity.  Electrical  Engr..  New  York,  June 
and  July,  1885. 

.     Edison's   Three-Wire  System.     Compiled  frora  Science  eund  American  Engr.  in 

Elec.  Rev..  Jan.  10,  1885.    Advantages  of  the  system  shown. 

.    An  account  of  the  successful  working  of  an  80  kilometer  circuit  containing  arc 

and  incandescent  lamps.  By  M.  Gaulard.  Electrical  Review,  Oct.  18  and  Nov.  8, 
1884. 

,  Distrifjuted  by  Secondary  Generators.  By  J.  Dixon  Gibbs.  Describes  the  evolu- 
tion and  working  of  a  secondary  generator,  whereby  the  enef-gy  delivered  from  the 
primary  generator  is  transformed  for  all  purposes,  as  for  various  kinds  of  electric 
lights,  motive  power,  etc.  A  grand  prize  of  10.000  francs  granted  the  invention  by 
the  Italian  Government.     Van.  Nos.  Eng.  Mag  ,  June,  1885. 

Electric  Generators,   Danger  from.     A.   D'Arsonville.  Electrical  Review.  London. 


438  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

Feb.  14,  1885,  recommends  the  use  o(  storage  battery  of  proper  E.  M.  F.   to  abolish 

the  extra  current. 
!Electric  Liamp.  Incandescent  Fittin(/s  of  the    Weston  Stjstem.      Illustrated  by  ItJ 

engravings.    Enyineering,  Aug.  21,  188.j. 
,  Efficiency  and  Duration  of  Incandescent .     Report  of  the  Special  Committee  on, 

appointed  by  the  President  of  the  Franklin  Institute.    The  report  fills  127  pages,  and 

forms  a  supplement  to  the  Jour.  Frank.  Inst  for  September,  1885. 
Electric  Lig-ht  Conductors,  Economy  in.    London  Electrical  Review.  Feb.  38,   1885, 

from  Scienc<f.    Balancing  of  heat  waste  and  interest  on  capital. 
Electric  LigMing,  Power  Expended  in.    London  Electrical  Revieic.   March  7,  1885^ 

By  Gisbert  Kapp. 
,  Economy  in  Incandescent.     Van   Nostrand^s  Eng.  May.  ;  Electr.  Rev.,  London. 

By  W.  D.  Weaver. 
for  Steamships.    Electr.  Rev.,  London,  March  14,  21,  28,  and  following,  1883. 


From  FroicedinQii  of  Listitution  of  Civil  En(jinecrx.     A.  .Jamieson.     Gives  require- 
ments and  discusses  special  cases. 
.    Rules  for  Electric  Light  Installations.    By  Phoenix  Fire  Office.     Electr.  Rev., 

London,  March  14,  1885. 
,    Do7nestic,    By  W.  H.  Preece.    Gives  details  of  an  isolated  plant  of  incandescent 

lights,  operated  by  storage  battery.     Electrical  Recieir.  Oct.  25.  1884. 
,  from   a  Saidtary  Point  of  View.    By  J.  A.  Fahie.     Electrical  Review,  Oct. 'Zo. 

1884. 
— -—  in  America.    W.  H.  I'reece  in  Electric  Rev.,  Dec.  6,  1884. 
Electrical  Measurement.    6f( «  Amp6re,  etc. 
-.    Resistance  of  Electric  Arc.    W.  Peuicart.  Electr.  Rev.,  Loodou,  March  14,  1885, 

from  Zeitschrift  fiir  Electrotechnik. 
Electrical  Motors  ond  their  Construction.     J.  E.  Chester,  Electrician  and  Electrical 

Engineer,  Jan..  1885,  from  English  Mechanic. 
Electric  Kailroad  at  Frankfort-on-Main,  as  described  by  W.  Howard  White  in  Rail- 
road Gazette  of  June  12.    Has  been  in  operation  a  year.    Illustrated 
,    Evolution  of  the .     By  Dr.  Wellington  Adams.    An  historical   account,  together 

with  a  description  of  the  author's  own  devices.    Illustrated.    Jour.  Assoc.  Eng.  Soc, 

Vol.  lU.,p.  255. 
in  Xew  York.    The  Daft  system  described  and  illustrated.  Science,  Aug.  21,  1885. 

Also  Electrical  World,  Sept.  5,  1885. 
Electrical  Speed  Indicators.    Electric  Rev.,  Dec.  13,  1884. 
Electric  Telegraphing  fi'om  Railway  Ti-ains.    Electr.  Rev.,  N.  Y.:  Electr.  Rev., 

Loudon,  March  7,  1885. 
Electrical  Transmission  of  Energy.    An  abstract  of  experiments  in  France,  where 

a  commercial  efficiency  of  58.3  and  62.15  per  cent,   was  obtained  on  a  large   scale. 

Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXL,  p.  426. 
from  Niagara.     By  Ben j.  Rhodes.    Discusses  the  economic  problems  involved. 

Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIV..  p.  205. 
.    A  comparison  of  cost  with  Steam  and  Air.    By  W.  S.  Schulz,  Eng.  and  Min.  Jour., 

Nov.  15,  1884. 
Electricians.    See  Natiotial  Conference. 
Electro-Magnets  Applied   to   the  Working  of  Railivai/  Signals  and  Points.     A  paper 

read  by  1.  A.  Tummis,  of  London,  before  the  Institution  of  Mechanical  Engineers, 

the  peculiar  feature  being  the  great  power  of  the  magnet  which  is  e.^erted   through 

long  range.     Iron,  Nov.  7.  1884. 
Electromotive  Forces   in  tlie   Voltaic  Cell,  Theory  of.     O.  .J.    Lolge.    Pliil.    \tag., 

London,  March.  April  and  May,  1885.    .\n  important  paper. 
Electrostatic  Machine.     Wimhur.st's  Electrical  Review,  Jan.  24,  1885.     Gives  details 

of  the  largest  machine  vet  made,  the  diameter  of  the  plates  being  84  inches. 
Elevated  R.    B,.    Berlin  (elevated)  City  R.  R.      Full  description    of  the  whole  line, 

bridges,  stations  and  other  structures,  with  details.    One  station  covered  with  a 

roof,  being  approx.  a  semi-circle  of  65  ft.  radius,  the  rafters  hinged  at  the  crown 

and  at   the   springing,  the  springing  on  top  of   wall  some  20  ft.  above  the  ground 

level.     Zeitschrift  f.  Bdirwe.sen,  1884  and  1885. 
Ele-vsited  Tra.c^  of  Pittshurgh  Junction  R.  H.    Theodore  Cooper.    Kng'r.    llhistniltd 

in  Railroad  Gazette  of  March  13  and  April  3, 1885. 
Elevations  above  Sea  Level,  with  description  of  permanent  bench  marks  on  a  line 
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fi'om  Sandy  Hook,  N.  .)..  to  St.  Louis.  Mo.;  together  with  map  sliowlng location  ot 
principal  bench  marks.     Report  U.  S.  U.  and  U.  Survey,  ]HSt>. 

.    .sv-<-  also  Primary  Triangulation  of  the  U.  S.  Lake  Survey,  Prof.  Papers,  Corps  of 

Eiigrs.  U.  S.  Army,  No.  '24,  p.  610,  for  descriptions  and  elevations  above  sea  level 
of  permanent  bench  marks  between  Albany,  N.  Y.,  and  Oswego  ;  also  between  Port 
Colborne  antl  Port  Dalhousie,  Can .:  also  between  Lakes  Erie  and  Huron  and  be- 
tween Escanaba  and  Marquette,  Mich. 

Emery  W Heels  and  Emery  Wheel  Machinery.  A  Miller  Prize  paper  before  the  Inst,  of 
Civil  Engineers.  I'ror.  Insl.  Civil  Eiigiiifcm  Vol.  LXXVII.,  p.  1;7'~;.  Reprinted  in 
Van.  S'os.  Enij.  Ma</.,  February,  1885. 

Energy.  A  pai)er  on  losses  of  energy  other  than  frictionallosses.  It  includes  a  com- 
putation of  the  amount  lost  by  vibration  in  shafting,  helting  and  bearings.  By  Prof_ 
R.  H.  Smith.    Engineer,  April  24  and  May  1,  1885. 

Eugriue,  Steam.    See  Heat. 

.    Discu.ss:on  of  a  test  of  a  Coi'liss  engine  at  Creusot,  with  tables.    Ob.iect  of  test: 

to  determine  value  of  condenser  and  value  of  jacket.    Engineer.  March  6,  1885. 

.     Illustrations  and  description  of  diagonal  engines  for  paddle-wheel  steamer. 

Engineer,  Feb.  20,  1885. 

.    Recent  patterns  of  portable  engines.    Sci.  Am.  Sup..  March  14.  1885. 

,  Condensing  Compound .  An  account  of  the  experiments  made  on  such  an  en- 
gine by  a  committee  of  the  Industrial  Society  of  Mulhouse,  in  Alsace.  Germany. 
By  Chief  Engineer  Isherwood,  U.  S.  N.  A  most  exhaustive  set  of  experiments. 
Jour.  Frank.  Inst.,  October,  1885. 

Eug'ines.    See  Compound  ;  also.  Gas. 

,    Portable  Straw-Burning  Compound,  Tidsts  ot;  with  full  illustrations,  sections, 

indictator  diagrams,  etc.    The  Engineer,  Sept.  4,  1885. 

.    Trials  of  Horizontal   Compound  Tandem-Engines;  cylinders  26  and  .52  inches. 

The  object  of  experiments  were  :  (1;  The  consumption  of  fuel  and  water  per  indi- 
cated horse -power  per  hour:  (2)  The  advantage  resulting  from  the  application  of 
expansion  gear  to  large  cylinders.     The  Engineer,  July  3,  10,  17,  1885. 

,  Economy  of  Compound.    By   W.   Parker,   Chief  Engineer-Survej'or  of  Lloyd's 

Register,  M.  I.  N.  A.  A  paper  setting  forth  that  as  steam  pressures  are  in- 
creased, according  to  the  tendency  of  the  times,  we  must,  for  pressure  beyond  80  or 
90  lbs.,  "compound  our  compound  engines,"  in  order  to  gain  the  economy  to  be 
expected.  With  discussion.  Reprinted  from  Trans.  Inst.  Naval  Architects,  hy  the 
Bureau  of  Navigation,  Navy  Department.    Naval  Professional  Papers,  No.  16. 

,  Cushioning  in.    By  George  L.  Morton,  M.  E.    Formula  deduced  and  working 

tables  computed,  of  value  in  engine  designing.     Van.  Nos.  Eng.  Mag.,  June,  1885. 

,     Gas  and  Caloric.    See  Heat. 

,  Long  and  Short  Stroke.     By  Wm.   H.   Bryan.     Discusses  relative  merits  of  each. 


Jour.  Assoc.  Engr.  Soc,  Vol.  IV.,  p.  .350. 

,  Triple  Expansive,  of  the  Steamship  Aberdeen.    By  A.  C.  Kirk,  M.  I.  N.  A.     An 

article  setting  forth  the  considerations  which  led  to  the  adoption  of  the  triple  expan- 
sive type  of  compound  engine  in  the  design  of  the  machinery  for  the  steamship 
Aberdeen,  with  arguments  in  favor  of  the  general  introduction  of  this  type  of 
engines  for  very  high  pressures.  Reprinted  from  the  Tranxactions  of  the  Institu- 
tion of  Naval  Architecfs,hy  the  Bureau  of  Navigation,  Navy  Department.  Naval 
Professional  Papers,  No.  16. 

without  Fire,  for  Rail  and  Tramways.  A  full  account,  with  cuts  and  certifi- 
cates, of  perfoimance  for  the  past  year  of  two  such  engines.  Invention  of  Mr. 
Honigmann.  Works  with  a  solution  of  hydrate  of  soda  :  seems  to  be  economical 
and  efficient.     The  Engineer,  Jan   2.3.  1885.     Srr  also  Locomotive,  Caustic  fcoda. 

Eng-ineering:  at  the  Centennial  Exhibition.  Report  on,  by  Maj.  D.  P.  Heap,  U. 
S.  A.  A  carefully  prepared  document  of  .350  pp..  amply  illustrated  ;  giving  a  com- 
plete description  of  all  engiaeering  models  and  devices,  together  with  much  valuable 
related  matter.    Issued  separately  by  the  Engr.  Dept.,  U.  S.  A. 

Eng'ineering-  Enterprise,  American.    See  American  Engineering  Enterprise. 

Engineering:  Literature.  An  American  Society  for  tlie  writing  of  Engineering 
Works.  By  Prof.  J.  A.  L.  Waddell.  Advocates  the  formation  of  such  a  society. 
Jour.  Assoc.  Eng.  Soc''s.,  Vol.  IV.,  p.  419, 

Engineering:  as  a  Profession.    An  Address  la  the  Alumni  Assoc,  of  Stevens  hist,  of 
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Tech..  by  Wm.  Kent,  M.  E.    A  vigorous  plea  in  behalf  of  this  as  one  of  the  learned 

professions.     Vmi  Kos.  Eng.  Mag.,  Aug.,  1885. 
Eng-ineering:  Societies  (Cm7)  m  </ie  (7.  S,    A  list  of  such  societies,   with  names  of 

ofiBcers.    Kng    JVejos,  July  11,  5  885. 
Engineering:  Students,    The  Trainhuj  of.    By  Prof.   (Jeo.    L.  Vose,  in  Vol.  II.,  p.  1; 

and  ^-J  CoHrae  o/Sruc^!/ /or,  by  John  D.  Crehore.  Vol.  I.,  p.   .380.     Jnur.  Assoc.   Eng. 

Socs.    Sec  Technical  Education  ;  "/so  Mechanical  Engiueerinfr. 
Engineering'  Inventions  Since  1862.    An  address  by  Sir  Fredk.  Bramwell,  Prest. 

Inst.  Civ.  Engrs.    Gives  a  valuable  review  of  the  various  new  applianc-s  and   nieth 

ods  in  all  departments  of  engineering  in  the  past  'H  years.    Iron.  Jan.  16,  1885. 
Engineers,  Civil  vs.  Military.     A  controvei-sy  on  the  subject  of   employing  graduates 

of  West  Point  on  goveinment  engineering  works,  to  the  exclusion  of  civilians  from 

pofitions  of  responsibility.     Both  sides  presented.    Engineering  and  Mining  Jour 

nul.  March  7, 14,  and  ^8,  April  4,  1885.     Also^wier/caji.  Engineer,  April  3,  1885.  St  e 

also  River  and  Harbor  Bills 
Engines,   Vapor.    See  Efficiency. 
Epidemic  at  Plymouth,  Pa.    An  analysis   of  the   causes,  which  were  found   in  the 

water  suppl.y.    San.  Nev's,  May  16.  1885. 
Equations  of  third  degree  and  of  second  degree.  Graphical  solution  of.     Ann.  des  P. 

&.C.     November,  1884. 
Evaporation  of  Water,  The  Latent  Heat  of.     By  R.  H.  Buel.    Showing  the  various 

values  now  in  use,  and  drawing  conclusions  from   Regnaulfs  experiments  as  to    its 

value.     Van.  Nos.  Eng.  Mag.,  February,  1885. 
Excavating  Wet  Material  by  the  Hydraulic  Process.    An  account  of  work  done 

on  the  Northern  Pacific  Railway  by  .1.  T.  Dodge.    Joum.   A-isoc.  Eng.  Socs.,  Vo].  II.. 

p.  67. 
Exploration,  and  the  Best  Outfit  for  such  Work.   By  Maj.-Gen.  Fielding.    Gives  many 

practical  hints  as  to  methods  and   outfit  for  scientific  engineering,   military   and 

geographical  explorations.    Reprinted  in  Van  Nos.  Eng.  Mag.,  May,  1885. 
Explosives,  Heat-Action  of.     See  Heat. 
,  High,  Some  Experiments  on  the  Use  of.     Bj'  Prof  Chas.  E.  Munroe,  U.  S.  N.  A.: 

illustrated.    Nitrogl.ycerine,  gun-cotton  and  dynamite  used  without  any  prematura 

explosions  of  the  shells  fired.    Van  Nos.  Eng.  Mag.,  Jan.,  1885. 
,  Appanttus  for  Testing.     See  Appliances. 

Fans,  Efflcirncy  of.  An  editorial  in  The  Engineer.  Nov.  14.  1884,  in  which  a  new  rule 
for  computing  the  H.  P.,  by  Prof.  Herschel,  is  given  and  discussed :  also  by  VV.  V. 
Unwin.  A  short  discussion,  with  formulse  and  illustrations,  very  simply  put.  The 
Engineer,  Dec.  1'^,  1884;  also  by  Robeit  H.  Smith  in  same  for  Dec.  19,  1884. 

,    Testing  of.    To  find  (1)  how  much  mechanical  work  is  required  tobedoneb.y 

a  prop  )sed  fan  not  yet  in  place,  in  order  to  give  a  desired  volumetric  ventilation 
through  a  given  mine;  and  (2)  how  much  mechanical  work  is  being  done  by  a  fan 
already  in  place  and  working  under  given  conditions,  and  in  connection  with  this 
test  to  calculate  the  mechanical  efficiency  of  the  fan.  By  Prof.  R.  H.  Smith.  The 
Engineer,  July  24,  1685. 

Fatigrue  of  Metals.  An  account  of  some  new  devices  ar  d  methods  us^d  by  Prof. 
Egleston  in  examining  the  molecular  changes  accompanying  fatigue.  Illustrated. 
Enc,inecring.  July  10,  1885.     See  also  Iron. 

Ferry  Landing  for  Kdilway  Transports.  The  Isle  of  Wight  Steam  F"erry.  A  landing 
moving  on  inclined  ways  connects  with  steamer  at  different  stages  vf  tide.  Illus- 
trated.    Engineering,  Aug.  7,  1885.    See  Floating  Landings. 

Transfer  at  Portland,  Ore.,  as  constructed  in  30  days  on  a  very  difficult   slope. 

Illustrated.     Railroad  Cazetie,  Aug.  7,  1885. 

.     See  Landing. 

Field  Notes.  Their  record  and  preservation.  By  R.  S.  Weitzell.  Report  Ohio  Soc 
Surveyors,  1884. 

Filters.     See  Water. 

Fire  Bulkheads.  A  description  of  such  devces  as  are  used  to  prevent  the  spread  of 
fires  in  mines.     By  Chas.  M.  Rolker.     Eng.  News,  May  2,  1885. 

"Fives,  Means  of  Extinguishing.  A  lecture  by  C.  J.  Hexanier  before  the  Franklin 
Institute.     Discusses  the  chemistry  of  combustion,   water,   pumps,  vertical  pipes. 
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hydrants,  valve.-^,  hose,  nozzles, tanks, sprinklers, s^ team  jets,  extinguishing  flui  sand 
poivdcrs,  fire  brigades,  watchmen  and  fire  alarms.    Jour.  Frank.  Inst..  Aug..  18^5. 

Pire-Proof  Construction,  at  moderate  cost.  By  C.  T.  Aubin.  Precautions  that 
should  be  observed.  Appliances  to  put  out  fires,  etc.  Jour.  Assoc.  Eng.  Soc.  Vol. 
IV  ,  p.  158. 

Floating:  Landings.  A  description  of  such  landings  designed  for  passenger  traflac. 
From  the  Dutch.    Illustrated.    Eng.  N  lus,  Aug.  8,  1885. 

Flood  Announcements.  Treatise  on,  and  on  the  Hydrology  of  the  River  Seine. 
[Manuel  Hydrologique  du  Bassiu  de  la  Seine.  De  Pr6audeau.  1884]  Reviewed  in 
Annales  des  P.  et  C,  1884-2-610.  For  several  years  the  heights  and  times  of  maxi- 
mum flood  heights  along  the  Seine  at  Paris,  and  at  points  below,  have  been  publicly 
announced  several  days  in  advance,  to  the  great  advantage  and  benefit  of  all  mter- 
ested  inhabitants.  The  book  in  question  shows  how  this  result  has  been  accom- 
plished. The  review  gives  suggestions  as  to  still  further  improving  this  "  hydrolojfi- 
cal  service  " 

in  the  Valley  of  the  Ohio.    Plan  for  same.    Ann.  des  P.  et  C,  November,  1884. 

Flood  Heig-lits  in  Rivers,  as  affected  by  the  destruction  of  forests.  By  Thos.  P. 
Roberts,  with  discussion  and  plates.  A  large  mass  of  data,  with  important  conclu- 
sions.    Tr.  Engrs.  Soc.  West.  Penn.,  Pittsburg,  1884. 

,  as  aflected  by  the  change  from  wild  to  cultivated  conditions.    By  Gustav  v.  Wex. 

Translations  of  two  pamphlets  on  the  subject,  using  European  data.  Issued  by  the 
Engr.  Dept.,  U.  S.  A. 

Flood  Eock,  at  Hell  Gate,  N.  T.  Final  arrangements  preparatory  to  exploding. 
Illustrated.    Sc.  Amer.,  July  25,  1885. 

,  The  Blowing  up  of .     Well  illustrated.    Eng.   Keivs,  Sept.   12  and  Oct.  17.  1885 

8c.  Am.,  Oct.  10,  1885. 

.     See  Hell  Gate. 

Flow  of  Air  through  Pipes.    See  Air. 

Flo"w^  of  Water  through  a  48-inch  Pipe.  By  F.  P.  Stearns;  with  discussion.  Tran*. 
Am.  Soc.  Civ.  Engrs.,  Vol.  XIV.,  p.  1. 

Through  a  2}4-inch    Rubber  Hose,  with  Nozzles    of    Various  Forms  and  Sites, 

with  formulas  for  flow  and  efficiency  of  various  forms  of  nozzle,  all  derived  from 
many  experiments.  By  E.  B.  Weston.  lYans.  Am.  Soc.  Civ.  Engrs.,  Vol.  Xin„ 
p.  376. 

Through  Turbines  and  Screw  Propellers.     Paper  read  before  British  Assoc,  at 

Blontreal,  1884,  by  Arthur  Rigg,  of  London.  Discussion  based  on  empirical  data. 
The  Engineer  for  Sept.  12,  1884. 

Over  Submerged  Weirs.    By  James  B.   Francis.    An  account  of  some  careful 

experim eats  to  determine  the  value  of  the  empirical  constants  of  the  Francis  for- 
mula.   Tr.  Am..  Soc.  Civ.  Eng.,  Vol.  XIII.,  p.  303. 

• in  Ditches.    See  Ditches. 

in  Natural  Channels.    See  Gauging. 

Flushing'  Tanks,  Automatic,  for  urinals  and  water-closets.  Causing  a  saving  of  80 
per  cent,  of  water  used,  as  compared  with  a  small  continuous  stream.  Abstracts  of 
Papers,  1885. 

'Fly-'Wh.eei,  the  Theory  of  the.  Equations  and  diagrams,  with  rules  for  proportion- 
ing for  given  conditions,  by  Prof.  R.  H.  Smith.    The  Engineer,  Jan.  9,  1885. 

Forced  Draught.  An  account  of  an  experiment  made  on  the  Clyde  by  James  Howden, 
showing  great  advantages.    Engineering,  Oct.  24,  1884. 

• ,  as  applied  on  certain  English  steamers,  by  connecting  the  fan  directly  with  the 

mouth  of  the  furnace  by  a  separate  passage.  This  connection  is  broken  when  doors 
are  opened.  Accomplishes  same  result  as  by  increasing  air  pressiu-e  in  boiler-room. 
May  be  applied  to  stationary  boilers.  Cut  given.  The  Engineer,  April  3,  1885,  and 
Engineering,  April  17,  1885. 

— for  Steam   Boilers,  by  the  use  of  a  fan  in  the  chimney  flue.    A  short  account  of 

some  experiments  at  the  N.  Y.  Navy  Yard,  which  have  resulted  in  doubling  the  con- 
sumption of  coal  per  square  foot  of  grate  surface.  Probably  the  only  practicable 
solution  of  the  forced -draught  problem.  Proc.U.S.  Naval  7>is(.,  Annapolis,  Md., 
Vol  XI. 

.    Steam  Trials  of  the  "  Satellite  "  and  "  Conqueror."    By  R.  J.  Butler,  M.  I.  N.  A. 

A  paper  describing  the  exoeriments  made  with  closed  boiler-rooms  and  fan-blast  on 
board  H.  M.   S.    "Satellite"  and   H.  M.  S.   "Conqueror,"  whereby  the  steaming 
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power  of  those  vessels  was  increased  60  per  cent,  over  that  with  natural  draught  ; 
with  deductions  from  the  experiments  as  to  the  advantages  of  this  system,  particu- 
larly with  reference  to  its  utility  as  a  form  of  emergency  power  for  war  vessels. 
With  discussion.  Reprinted  from  Trans.  Inst.  Naval  Ai  chitects  by  the  Bureau  of 
Navigation,  Navy  Department.  Naval  Professional  Papers,  No.  16. 
.  The  working  of  the  Howden  system  on  the  steamer-"New  York  City."  Advan- 
tages sbown  to  be  :  Increased  power  from  smaller  boilers,  combined  with  large 
saving  of  fuel  ;  reduced  wear  and  tear  of  boilers  and  fittings  ;  perfect  control 
of  combustion  ;  coolness  of  stoke-hole  and  absence  of  smoke.  The  Engineer,  July 
10,  1885. 

Report  of  a  series  of  trials  of  a  warm-blast  apparatus  for  transferring  a  part  of 


the  heat  of  escaping  flue  gases   to   the  furnace,  by  J.  C.  Hoadley,  to  the  Am.  Soc. 

Mech.  Engrs.    Results  in  saving  10  to  18  per  cent,  of  the  fuel.     Illustrated,  Sanitary 

Engr..  July  16,  1885. 
Forth  Bridge.  A  paper  read  by  B.  Baker,  the  Engineer,  before  the  Br.  Assoc.  Adv.  Sc^ 

at  Montreal.    Am.  Engr.,  Oct.  10  to  Nov.  7,  1884,  and  elsewhere. 
Foundations  and  Piers  of  the  W.  &  L.  E.  Railroad  Bridge  at  Toledo.     By  Chas.  E,. 

Greene.    Report  Mich.  Assoc.  Surveyors,  1882. 
Foundations  of  the  new  Capitol  at  Albany,  described  by  the  Engineer,  William  Jarvi* 

McAlpine,  in  a  paper  to  the  Inst,  of  Civil  Engrs. :  showing  in  detail  ho  sv  he  wasenab'ed 

to  obtain  uniform  unit  pressure  under  all  parts  of  the  structure.      Reprinted  in  Vam 

Nostrand,  Vol.  XXXI.,  p.  242  (Sept.,  188-1). 
of  the  Bartholdi  Statue.      Elevations  and  sections.    Sc.  Amer.,  June  13,  1885. 

of  the  Tensas  River  R  R.  Bridge,  Ala.    The   Cushing  system   of  piles  inside  iron 

cylinders  was  used.    Fully  illustrated  and  described  by  Col.  Wm.  M.  Patton,  in  Eng. 
News  of  June  20.  1885. 

.    Repairs  to  the  Foundations  of  the  Chestnut  Street  Bridge,  Philadelphia.      The 

■  stone  pier,  resting  on  piles,  prevented  from  lateral  movement  by  inclined  pillars  of 
concrete  put  in  by  the  use  of  compressed  air.  With  illustrations.  Engineering 
News,  Jan.  3, 1885,  and  Sc.  American,  Jan.  10,  1884;  also  Proc.  Eng.  Club  of  Phila., 
Vol.  v.,  No.  1. 

i7i  Compressible  Soils,  with  experim.eata,\  tests  ot  Pile  Driving  and  Formulas  for 

Resistance  deduced  therefrom.    Compiled  by  Gen.  Richard  Delafield.    A  memoir  of 
35  pp.    Apply  to  Chief  of  Engrs.,  U.  S.  Army,  Washington. 

-,  Deep.    By  Col.  Wm.   M.  Patton,   C.  E.     Discusses  timber  piles,  open  caissons,, 


pneumatic  process,  suspension  of  caisson  while  sinking,  and  concrete.     Eng.  News, 
July  18,  1885. 

—  of  the  Empress  Bridge  over  the  Sutlej.,  India.    The  piers  are  of  stone,  resting  or. 

metallic  tubes,  three  to  each  pier,  which  extend  to  a  depth  of    100  feet  below  low 
water.    From  the  French.    Illustrated.    Sc.  Am.  Suppl-^  A.ug.  8,  iS85. 

Placed  beneath  the  Pumps  and  Engines  at  the  Newton,  Mass.,  Pumping  Station. 

By  Albert  F.  Noyes.    Jour.  Assoc.  Engr.  Soc,  Vol.  IV,  p.  213. 

,  Screw  Piie,  on  Mobile  Riv.  crossing  of  M.  &   M.   RR.     By  Col.   Wm.   M.    Patton. 

Fully  illustrated,  showing  method  of  sinking.     Engr.  News,  Apr.  4,  1885. 

_ —  of  Tay  Bridge.  Sinking  of  the  Cylinders  by  Pontoons.  By  Andrew  S.  Biggart. 
A  paper  before  the  Inst,  of  Eogrs.  and  Shipbuilders,  Scotland.  Illustrated.  The 
Engineer,  July  10,  1885;  also  Eng.  News,  Aug  .  1,  1885;  also  Engineering,  June.  28 
1885. 

.    .See  Healthy  Foundations. 

Foundry  Work,  A  System  of  Estimating  for.  Translated  from  the  German  and 
adapted  to  American  practice  by  Geo.  L.  Fowler,  M.  E.  A  valuable  series  of  arti- 
cles in  Am.  Engr.,  beginning  July  23. 

Framed  Structures.  Contribution  to  the  Theory  of  Framed  Structm-ea.  By  Prof.  H. 
Muller,  Breslau.    Zeitschrift  des  Arch.  u.  Jng.  Vereins  zu  Hannover,  1885,  p.  417. 

Freezing  Mixtures.  A  list  given,  with  resulting  temperatures.  The  Sanitary  Neivs, 
Chicago,  Sept.  19,  1885. 

Freiglit :  Its  Classification  and  the  Principles  on  which  it  is  Based.  By  Commissioner 
E.  P.  Vining.  An  effort  to  found  discriminations  in  freight  rates  upon  economio 
and  scientific  principles.    Railway  Review,  Oct.  18, 1884. 

and  Passenger  Rates,  Study  of,  as  they  exist  throughout  the  Empire  of  Austria- 
Hungary.    Annales  des  P.  et  C,  1884-2-549. 

Station,  Bishopsgate,  in  London.    Showing  arrangement  of  a  freight  depot  built 
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in  the  interior  of  a  large  city,  and  connecting  with  several  of  the  underground  rail- 
ways of  London.    Zeitschrift  f.  Bauivesen,  1884-311. 

Freigrht  Trafla.c,  Cost  of.    Sec  Railroad. 

Friction  Tbe  practical  cause  of  liot  journals,  and  discussion  oi  Mr.  Tover's  experi- 
ments.   Engineer y  March  6,  3  885. 

Clutch,  The  Mechanics  of,  hy  S.  W.  Balch,  giving  the  mathematical  equations, 

practical  applications,  and  economic  considerations  involved.  Sch.  of  Mines  Quar., 
Jan.,  1885. 

Coefficient,  viith  a  given  oil,  but  under  varying  conditions  of  temperature  and 

pressure,  witb  tables,  formulas,  and  diagrams.  A  paper  read  before  Am-  Soc.  of 
Mech.  H  ugrs.,  by  O.  J.  H.  Woodbury.     Mechanics,  January,  1885. 

o)i  JoMrnaZs,  Apparatus  for  testing.    Illustrated.    Simple  and  efflcient.    R.  R. 


Gazette,  May  22,  1885. 
and  Train  Resistance,  hf  A.    M.  Wellington.    Abstract  of  results  made  with, 

special  apparatus  designed  to  show  the  friction  at  various  speeds  and  loads.    TableS' 

and  diagrams  given.    R.  B.  Gazette,  Jane  5, 18So.    See  also  Resistance. 

.     See  also  Lubrication,  and  Sliding. 

rurnace.    Description  of  a  continuous  regenerative  gas  kiln  for  buraing  fire-bricks  und' 

pottery.    By  John  Mayer.    Trans-  Engineers  and  Shipbuilders  of  Scotland,  March 

24,  1885. 
Regenerative  Gas.    A  new  method  of  heating.    By  Fred'k  Siemens.    The  flame  is 

not  brought  in  contact  with  tbe  materials  under  treatment;.     Being  a  paper  read 

before  the  Iron  and  Steel  Institute.    Engineering,  Dec.  19.  1884.     See  Combustion. 
Furnace  Draught.     See  Draught,  and  Forced  Draught. 

G- 

Galvanometer,  A  New.  J.  Rosenthal,  Electrical  Review,  Dec.  27, 1884,  from  Wiede- 
mann's Annalen.  A  simple  and  sensitive  instrument. 
G-arbag-e  Cremator.  A  short  description,  with  cuts,  of  the  appliances  used  by  the 
U.  S.  Sanitary  and  Fertilizer  Co.  of  Boston.  Sanitary  Engr.,  Jem.  '^2,  ''85 .  An 
English  method  given  in  same  journal,  Feb.  19,  1885. 
Gas,  Conveyance  of.  A  paper  before  the  Engrs.'  Soc.  of  West.  Penn.  Treats  espe- 
cially of  Natural  Gas,  and  'he  means  of  preventing  leakage.  Illustrated.  Am.  Engr. 
Apr.  3,  1885. 

,  Natural.    See  Natural  Gas. 

Gas  Engines.    Lecture  by  Dusald  Clerk  before  Lit.  and  Phil.  Soc.  Oldham.      History> 
principles  and  prospects.     Scientific  Am.  Suppl.,  April  11,  1885. 

,  Report  of  the  Committee  on,  at  the  Electrical  Exhibition.    Jour.  Frank.  Inst  ., 

October,  1S85. 

.    A  description  of  the  Stockport  Gas  Engine.    An  indicated  horse-pyower  i>er  hour 

is  claimed  for  less  than  30  cubic  feet  of  gas.     The  Engineer,  March  6,  1885  . 
Gas-Holder.    On  the  failure  of  the  columns  of  a  large  one  in  St;.  Louis.    By  J.  B. 
Johnson.    Givmg  causes  of  failure,  with  some  analysis  of  the  strength  of  the 
columns.    Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  144. 
Gas  Lianip.    See  Siemens. 

Gas-Pipe  for  Conveying  Natural  Gas  at  Pittsburgh.  Report  of  the  National  Gas  C  om- 
mission  on  requirements  for  conveying  natural  gas  with  safety.  Am.  Engr. ,  Jul  y  30 
1885. 
Gas,  Water,  Illuminating.  A  new  method  of  obtaining  the  illuminating  qualities  without 
hydrocarbons,  by  inserting  magnesia  threads  in  the  flame.  Cost  80  cts.  per  thousand 
cub.  ft.    Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXI.,  p.  385. 

.    See  Illuminating  power  ofg.  ;  natural    gas;  oil  and  g.  fields  of   America  ; 

Siemen's  Lamp. 
Gauging  of  water.    On  some  changes  in  the  arrangements  and  methods  of  rating  the 
instiuments  used,  and  in  the  mode  of  calculating  cbe  discharges.    By  M.  Chas.  Ri  tter  , 
Annates  des  Fonts  et  Chaussies,  Jan.,  1885,  pp.  1058-1182.  Quite  an  extensive  article- 
describing  various  instruments,  some  methods  of  rating  them,  and  of  calculating 
the  discharge  from  measurements. 
Gearing.    The  Walker  System  Explained.    With  many  cuts.     Contrasted  with  the 
Willis  or  odontograph  system.  By  John  Walker.    Jour.  Assoc.  Eng.  Soc,  .Vol.  IV. 
p.  45. 
Geodesy.     See  Lake  Survey;  also  Observing  Tripods. 
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Geodetic  Night  Signals.  A  report  on  an  exhaustive  series  of  experimenis  to  deter- 
mine nest  light  to  use,  and  advantages  of  the  system.  Report  of  U.  S.  C.  and  G. 
Survey,  1880. 

Geological  Survey,  the  U.  S.  A  paper  giving  a  full  account  of  its  various  objects, 
departments,  work  and  publications,  with  map  of  U.  S. ,  by  J.  W.  Poweil,  the  Direc- 
tor. Eeaa  before  the  National  Academy  of  Sciences,  Oct.,  1881.  Published  in  Am. 
Jour,  of  Sc,  Feb  ,  1885. 

Glass  Tempering.  Bv  Fredli.  Siemens,  a  glass  manufacturer.  Head  before  the  Soc. 
of  Arts,  London.  Discuss  js  principlfs  and  methods  of  a  new  mode  of  mating 
toughened  or  hardened  glass.     VanNos.  Eng.  Mag.,  August,  1885. 

Gold  and  Silver,  Psirting  of,  by  Means  of  Iron,  at  Lautenthal.  By  Thos.  Egleston. 
A  minute  description  of  the  parting  works  and  processes  in  the  Hartz  Jlountains. 
School  of  Mines  Quarterly,  March,  1885. 

Government  Scientific  Work.  Report  on  the  co-ordination  and  systematizicg  of 
the  various  kinds  of  scientific  and  engineering  work  carried  on  by  tbe  general  Gov- 
ernment. By  J.  W.  Powell,  Director  of  the  U.  8.  Geol.  Survey.  This  report  era- 
bodies  a  large  part  of  the  testimony  taki^u  before  the  Joint  Commission  of  the  Sen- 
ate and  House  during  the  last  session  of  Congress.  Also,  about  70  pp.  of  descrip- 
tions of  the  geographical,  topographical  and  geological  surveys  of  other  countries. 
Apply  to  Maj.  Powell,  Washington.  On  the  same  subject  see  an  8-page  synopsis  in 
Science,  April  17,  1885  ;  also  review  above  report.    Science,  April  24,  1885. 

Governors,  Theory  of .  By  J.  F.  Brunton,  M.  I.  C.  E.,  in  The  Engineer  for  Jan.  2' 
1885.    The  mathematical  analysis,  with  discussion,  for  designing  various  patterns. 

,  Electrical,  for  Steam  Engines  Used  for  Driving  Dynamos.    By  P.  W.  Willans. 

An  exhaustive  article,  with  di«cussion  and  15  illustrations. 

Gramme  Generator  and  Motor,  Mechanical  Efficiency  of.  By  F.  E.  Nipher. 
Original  experiments  from  which  curves  and  equations  for  relative  economy  of 
various  siJeeds  are  obtained.    Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  15. 

Gravel  Roads.  A  paper  by  Chas.  C.  Brown,  before  the  Indiana  Assoc,  of  Surveyors 
and  Engineers.  Discusses  advantages,  roadway,  line,  road-bed,  side  slopes,  side 
ditches,  crossings,  shrinkage.  stonn  culverts,  pipe  culverts,  bridges,  gravel,  and 
repairs.    Proc.  of  the  Assoc,  for  1885:   L.  S.  Alter,  Rensselaer,  Ind.,  Sec'y. 

Gravity.  Determinati  ms  of  gravity  at  several  stations  in  Pennsylvania.  Appendix 
19.     Coast  Survey  Report  for  1883. 

Greek  Tunnel  of  the  Sixth  Century  B.  C.  By  A.  C.  Merriam.  The  tunnel  at 
Samos,  described  by  Herodotu«,  surveyed  in  1884  by  Ernst  Fabricius  The  tunnel 
is  1,000  metres  long  and  generally  1.75  metres  square,  approached  by  conduits 
aggregating  1.200  metres  in  length  ;  partly  in  tunnel,  partly  in  open  cutting.  School 
of  Mines  Quarterly,  Blarch,  1885. 

Gun  Factories  in  France.  An  abstract  of  Lt.  Jaques'  paper  in  Vol.  X.  of  Proceedings 
of  U.  S.   Naval  Inst.,  illustrated.    Engineering,  Nov.  21,  1884. 

Gun  Foundry  Board,  Report  of  1884;  embodying  the  results  of  observations  in 
England,  France  and  Russia,  with  recommendations  to  Congress  for  American 
manufaetiue.    Issued  a.s  House  Ex.  Doc.  No.  97,  48th  Congress,  1st  Session. 

Guns.  On  the  tension  of  winding  wire  guns.  By  P.  R.  Alger,  U.  S.  N.  Proceedings  U- 
S.  Naval  Inst.,  No".  32. 

.    Report  tqyon  the  Practice  in  Europe  with  the  heavy  Armstrong,  Woolwich, 

and  Krupp  Rifled  Guns,  by  the  Board  of  U.  S.  A.  Engineers  for  Fortiflcations,  1883. 
A  quarto  of  50  pp.  and  6  plates.    Prof.  Papers  Corps  of  Engrs.  U.  S.  A.,  No.  25. 

.    See  also  Machine  Guns,  and  Steel  Gun  Factories. 

13: 

fCarbors.  By  MM.  Joubert  and  Fleury.  An  account  of  the  making  of  a  harbor  in  the 
Island  of  Reunion.  An  entirely  artifical  harbor  on  a  stormy  coast.  Basins  and 
channel  excavated  and  channel  entrance  protected  by  two  jetties  of  concrete- 
Length  of  each  jetty,  188  metres.  Concrete  blocks  used  weighed  from  40  to  127 
tons.  The  writers  give  many  details  as  to  composition  of  the  blocks  and  machinf-ry 
tor  handling  them.  Twenty-three  pp.  and  3  plates.  Mimoires  de  la  Soci6t4  des 
Ingenieurs  Civils.    Paris,  Nov.,  1884. 

. ,  Capacity  of.    Rules  for  determining,  by  Maj.  C.  W.  Raymond.    Rep.  Chf.  Engrs. 

U.  S.  A.,  1884,  p.  579. 

Works  at  Copenhagen.    Described  by  H.  C.  V.  Moller,  in   Trans.   Am.  Soc.  Ctv. 

Engrs.,  Vol.  XTV.,  p.  212. 
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Healthy  Foundations.  By  Glenn  Brown,  Arch.  A  series  of  articles  elaborately 
treated  and  illustrated  in  Ihe  Sanitary  Engineer,  New  York,  Vol.  X,  running 
through  many  uunibt-rs. 

Heat.  Six  Lectures  on  the  Mechanical  Applications  o/,  before  the  Inst.  Civ.  Engrs., 
London.  The  titles  are  :  The  General  Theory  of  Thermo-dynamic?,  by  Frof . 
Osborne  Reynolds;  on  the  (feneration  of  Steam  and  the  Thermo-dynamic  Problems 
involved,  by  Wm.  Anderson;  The  Steam  Engine,  byE.  A.  Cowper;  Gas  and  Caloric 
Engines,  by  Prof  Fleeining  Jenkins;  Compressed-Air  and  other  Rt-frigerating 
Machiaery,  hy  Alex.  Carnegie  Kirk;  Heat-Action  of  Explosives,  by  Capt.  Andrew 
Noble.  These  lecture 5  reprinted  in  one  vol  of 'J.30  pp.,  44  cuts,  and  4  plates.  A 
most  valuable  treatise  for  engmeers.     Published  by  the  Iwft.  Civ.  Eagrs. 

Conversion  into  Useful  Work.  A  series  of  lectures  befor-  the  Soc.  of  Arts,  Lon- 
don, by  Wm.  Anderson,  M.  I.  C.  B.  Theoretical  and  practical  applications  made  to 
furnaces  and  boilers.     Sc.  Am.  Svppl.,  July  18.  io,  Aug.  1,  8,  1885. 

Heating-  and  Ventilation.  Some  practical  results  observed  at  the  Mass.  Inst,  of 
Tech.,  by  S.  H.  Woodbridge.  A  series  of  articles  in  the  Sanitary  Engr.,  beginning 
Sept.  17.  1885. 

Heating:  and  Cooling-,  Elects  of,  on  Iron,  Steel  and  Copper.    See  Iron . 

of  School  RooiuH,  as  practiced  in  France.    Suaamary  of  the  pi-actice  adopted  in 

accordance  with  plans  proposed  by  Society  of  Ptiblic  Medicine  and  Professional 
Hygiene.    Sanitary  News,  Chicago,  Vol.  IV.,  p.  132. 

Hell  Gate.  An  account  of  the  Governm'^nt  work  done  and  doin.^  there,  with  diagrams 
Eng.  JSfews,  Sept.  12,  1885.     See  also  Flood  Rock. 

Hose.  Rubber.     See  Flow. 

House-Drainagre /or  an  Isolated  Country  House.  Being  plumbi'ig  specifications  fo/ 
such  a  bouse,  valued  at  $20,000,  in  a  populous  district,  supplied  with  water  from 
corporation  pipes,  and  discharging  house-waste  into  a  flush-tank  and  sub-surface 
irrigation  system,  c-  into  a  street  sewer.  Illustrated.  Sanitary  Engr.,  March  2b, 
1885 

Ho-we  Ti-uss  Brace.  A  new  method  of  finding  its  length.  By  W.  W.  Redflield.  Joiir. 
Assoc.  Eng.  Soc  .  Vol.  IV.,  p.  118. 

Hydraulic  Macliinery  for  Loading  and  Discharging  Vessels.  Description  and  illus- 
trations of  that  in  use  in  the  port  of  Buenos  Ayres.    Engineer,  March  6,  1885. 

Power.    Abstxact  of  a  paper  read  before  the  Liverpool  Engineering  Society,  on 

the -' Recent  Progress  in  the  Public  Supp'y  of  Hydraulic  Power '■  in  Hull  and  Lon- 
don, and  as  about  to  be  introduced  in  Liverpool.  It  seems  to  b9  a  greit  commercial 
success.  Engineering  News,  Feb.  21, 1885.  Also  on  the  receni,  progress  in  the  pub- 
lic supply  of  hydraul  c  power;  with  table  showing  ifs  economy  in  certain  instances. 
Read  before  Liverpool  Engineering  Society,  by  E.  B.  E  lington  Engineering, 
March  13.  1885,  et  seq. 

Propidsion.    A  revieT  of  a  paper  aad  discus<!ion  on  tte  results  of  experiments 

before  the  Inst  Civ.  Engrs.    Illustrated.    Engineering,  Ju\y  10,1885. 

Riveting.    An  illustration  showing  a  very  c impact  form  of  hydr  uli.- riveting 

plant.     Engineer,  Feb.  20,  1885. 

Hydraulic  Tables  to  facilitate  computations  by  M.  Da  Buat's  form-ala  expressed  in 
Eng.  inche?,  giving  results  slightly  less  than  Neville's  tables.  Proc.  Am  WUer- 
Works  Assocn  ,  1884.   J.  H.  Decker,  Secy  ,  Hannibal.  Mo. 

,  designed  to  facilitate  computations  of  flow  of  water  through  pip':>s,  ba?ed  on 

formulas  of  D'Arcy  and  Kutter.  Bv  P.  J.  Flynn.  from  Trans.  Tech.  Soc.  Pac. 
Coast.     Reprinted  in   Van.  Nos.  Eng.  Mag  ,  June,  1885. 

Hydraulics.  See  Flow  of  Water;  Low- water  Navigation;  Mississippi  River:  Co-efiQ- 
cient  of  Contraction  of  Fluid  Vein;  also  River. 

Hydro-Dynamics.  Production  of  phenomena  analogous  to  magneiic  attraction  and 
repulsion  by  the  vibration  of  todies  in  water.  Experiments  made  by  Prof.  Bjerk- 
nes     By  C.  A.  Cooke.    Engineering,  March,  27,  1885,  et  seq 

I 
Ice,  Crushing  .strength  of.     See  Crushing. 
,  Elasticity  of,  carefully  determined  by  Prof.  John  Trobridge.    -4m.  Joiir.  of  Sc, 

May,  1885 
Illuminating-  Power    of  Gas,  Instruments  for  testing.    Not  a  photometer.    Full 

illustrations.     The  Engineer,  Sept.  19  1884. 
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Inclined  Plane,  to  take  the  place  of  a  series  of  canal  locks  on  the  Elbing-Oberland 

canal,  built  1S74-1881.    Operated  by  wire  j-ope  traction.    The  car  is  run  under  the 

boats  while  they  are  afloat,  the  boat  remains  on  a  horizontal  keel  throughout,  the 

track  passing  a  summit  and  permitting  the  car  and  boat  to  dip  into  the  water  again. 

The  old  plane*  on  this  canal,  built  1844-1860,  were  modeled  after  the  old  Morris  & 

Essex  Canal  planes.    Zeitschrift  f.  Bauivesen,  1885-63. 
at  Pittsburgh.    A  description  of  the  plaat  and  machinery.  Illustrated.  Am.Eagr.< 

April  10,  1883 
Indicator.    A  series  of  articles  on  the  steam  engine  indicator  and  its  use.    By  Wm. 

Barnet  Le  Van.    Mechanical  Engineer,  Feb.  and  March,  1885. 
.    Their  defects.    By  Prof.  Osborne  R-ynolds,  before  the  Inst.  Civ.  Engrs.,  London. 

The  errors  from  friction,  inertia  and  stretch  of  cord  carefully  investigated,  and 

resu'ts  given.    Abstract  of  paper  in  Engineering,  June  12,  1885  ;  also  in  Am.  Eagr. 

July  3,  1»85. 
Indicator  Diagrams,  from  Locomotive  Engineers  on  the  Cin.,  N.  O.  and  Tex.  By. 

Forty  sets   of  diagram-^,  with   tabular  statements  of  conditions,  being  for  various 

train-loads,  speeds,  kinds  of  engines,  pressure,  etc.    Railroad  Gazette,  Jan.  2,  1885. 
Indicators  and  I)!//iamo?«.e^er.'!.    The  principal  points  that  have  to  be  attended  to  in 

making  a  test  with  either.     Mechanical  Engineer,  April  4,  1885. 
Injectors,  worked  by  exhaust  steam  as  boiler  feeders-    Mechanical  Engineer,  April  4, 

1885. 
Inspection    of   Metallic    Structures.    Hy  Jani'^s  Sanderson.    Treats  "speci'illy  of 

ten -ion  membe'  s  and  rivet^^d  »  or  •  .     \'aii  Nos.  Eng.  Mag  ,  April,  1885. 
Interlocking- and  Signal  System  used   O'l   ilie   B.   &  A.  Ry.  at  Boston,   wiih  cuts, 

sh  'wini  arrangement  of  iraL-k  systems.  By  Geo.  R.  Hardy.    Jour.  Assoc.  Eag.  Soc, 

Vol.  IV..  p.  35. 

Used  on  the  C.  VV.  I  and  Belt  Ry.  at  Chicago.    By  Isham  Randolph.  Work  done  by 

hand-power  applied  to  levers,  etc     Illustrated     Jo ur.  Assoc.  Eng.  Soc  ,  Vol.  IV..  p.  20. 

System  at  Grand  Central  Depot,   New  York.     Illustrated.     Railroad  Gazette, 

March  13,  1885. 

Internal  Corrosion  of  Steam  Boilers.    Bv  G    S.  King.    Iron  Age,  Nov.  6,  18X4. 

International  Inventions  Exhibition  of  1885.  The  London  Engineer  of  May  8. 
and  Engineering  of  May  1  (double  number),  are  devoted  entirely  to  description  of 
the  most  noteworthy  inventions  exhibited.-  The  Engineer  also  contains  a  plan  of 
the  building  and  arrangement  of  the  exhibits. 

Irrigation  in  Colorado,  as  discussed  in  the  Report  of  the  State  Engineer  for  1884. 
The  various  engmeering  problems  connected  with  extensive  systems  of  irrigation 
more  or  less  discussed.     E.  S.  Nettleton,  State  Ensrr.,  Denver,  Col. 

— in  Spai7i,  Treatise  on.     [Both  in  French  and  in   Spanish.]    By  AndrSs  Llaurad6. 

2d  Fdiiion  ;  2  vols.     Madrid.  1884.    Brit-f  review  of  in  Ann.  des  P.  et  C.  1S84--2-619. 

Iron,  Bar,  cost  of  production  in  Eastern  mills,  itemized.     Iron  Age,  May  21,  1884. 

Bridge  Connections.    Paper  by  John  Harvey.     Report  Ohio  Soc.  Su7-veyors. 

Bridges,  German  Regulations  as  to  the  Construction  of.    Being  an  agreed  system 

of  requirements  to  be  included  in  the  specifications  and  contracts  for  such  work. 
Van  Nosirand  Eng.  Mag.,  Nov.,  1884. 

,  Effect  of  Intermittent  Strains  upon.     By   H.    Baker  in   his  address  before  the 

Jlechanical  Section  of  the  British  Association.  An  historicil  review  with  some  new 
facts  from  hi--  own  experiments.     Iron,  Sept.  18,  1885.     The  Iron  Age.Oct.  8,  1885. 

Ornameutdfion.     .S'ee  Ornamentation. 

.  Malleable  Cast.    Physical  Tests  of.    By  Prof.  Ricketts.     Specimens   tested  for 

tension,  connpression,  bending,  with  skin  on  and  off,  elastic  limit  and  ultimate 
strength  found.     Van.  Nos.  Eng.  Mag.,  AorW,  1885.    Sen  also  Malleable  Castings. 

.     Pig-Iron  Producing  Di.'itricts  in  the  U.  S     A  series  of  articles  by  John  Birkin- 

bine,  Secy.  Am.  Assoc,  of  Charcoal  Ironworkers,  which  promises  to  be  of  consider- 
able value.    Began  in  Age  of  Steel,  St.  Louis,  March  7,  1885 

Sleepers  for  Railroads.    A  descripti'^n,  with  cuts,  of  the  cast-iron  sleepers  now  in 

use  by  the  N.  Y.  C.  &  H.  R  Ry.,  in  the  New  York  yards.  Designed  by  J.  M.  Toucey. 
R.  R.  Gazette.  Sept.  4,  1885. 

Ships.    Discussion  of  the  question  of  butt  fastenings  of  iron  vessels.      By  Stavely 

Taylor.     Trans.  Inst.  Eagrs.  and  Shipbuilders  in  Scotland.     March  24,  1885. 

.    Stay-Bolt  Iron.    New  Test  for.    A  special  bending  test  of  great  simplicity,  yet 

of  much  value.     Iron  Age,  May  21,  1885. 


INDEX  DEPARTMENT.  447 

Ixoxi  SLJid  Steel,  Estimating  the  Amoutit  of  Carbon  in.  A  paper  read  before  the  Bir- 
mingham Pbil.  Soc,  Eng.  Various  methods  given.  Illustrated.  Iron,  July  24, 
1885. 

,     The  Microscopic  Structure  of .    By  F.  Lynwood  Garrison,  before  the  A.m.   last. 

Min .  Engrs.  Describes  methods  of  making  the  examination,  and  gives  10  heliotypes 
of  sections.  Useful  adjunct  to  the  testing  machine.  Jour.  Frank.  Inst.,  Oct., 
1885. 

. ,  the  Study  of .    By  J .  C .  Bayles .    An  annual  address  before  the  Am.  Inst.  Min. 

Engrs.,  Vol.  XIU. 

,   Memoirs  on  the  Use  of.  iacoti?,tructioB.    By  M.  ConsidSre.  Annates  des  Fonts  et 

Chaussees,  1885,  April,  pp.  574-775.     See  Corrosion. 

.  The  influence  of  an  increase  of  temperature  on  the  tensile  strength  and  duc- 
tility of  iron  and  steel.  A  paper  by  E.  Cornut.  tr.mslated  by  Chief  Engr.  B.  F. 
Isherwood,  U.  S.  N.     Jour.  Fr.  Inst..  April,  18S5. 

Iron,  Steel  and  Copper,  Effect  of  Alternate  Heating  and  Cooling.  Iron  ^gre,  Sept. 
17.  1885. 

Iron  Surfaces,  Paints  to  prevent  rusting.  By  Ernest  Spon.  A  valuable  paper, 
giving  present  practice  by  engineers.     Sc.  Amer.  Swppi.,  Sept.  12,  1885. 

Iron-workingr  Machinery,  being  the  appliances  for  manipulating,  building  and 
drilling  the  great  tubes  of  the  new  Forth  br  dge,  these  being  as  much  as  12  feet  in 
diameter  ;  with  cuts.     The  Engineer,  Jan.  16,  1885,  and  Engineering.  Jan.  9,  1885. 

— — .    See  Burning,  and  Wrought. 

J" 

Jenkin,  Prof.  Fleeming.  Obitnary  notice,  giving  a  lengthy  account  of  his  life  and 
works,  esp'-cially  in  connection  with  telpherage.  The  Engineer,  June  19,  1885; 
also  Engineering  of  same  date. 

Jetties  at  the  Mouth  of  the  Mississippi  River.  Surveys  and  examinations  for  1883, 
with  numerous  charts  and  plates  showing  their  eff  ct  on  shoaling  beyond  their 
mouth,  etc.    Rep.  Chf.  of  Engrs.,  U.  S.  A.,  1883.  Vol.  I.,  p.  1031. 

,  being  the  results  of  Ten  Years'  Practical  Teachings  in  River  and  Harbor  Hydrau- 
lics. By  E.  L.  Corthell,  former  Engr.  of  the  jetties.  Tr.  Am.  Soc.  Civ.  Engrs.,  Vol. 
XIII.,  p.  313. 

k: 

Keels.  Notes  on  bilge  keels.  By  Asst.  Naval  Constructer  F.  T.  Bowles,  U.  S.  N.  Pro- 
ceeflings  U.  S.  Naval  Inst.,  No  32. 

Lake  Survey.  Final  Report  upon  the  Primary  Triangulation  of  the  Great  Lakes. 
By  Gen.  C.  B.  Comstock,  Superintendent  of  the  Survey.  This  is  the  most  valuable 
aod  important  report  of  American  geodetic  operations  yet  published.  It  is  a  quarto 
of  over  900  pp.,  and  XXX  plates,  giving  a  history  of  the  survey,  the  field  methods, 
reductions  and  results  of  base-line  measurements,  triangulation,  precise  leveling, 
etc.  Also  an  account  of  the  elaborate  intercomparison  of  yard  and  meler  standards, 
being  one  of  the  most  complete  and  accurate  that  has  ever  been  made.  A  standard 
work  of  great  excellence  and  value.  Prof.  Papers,  Corps  of  Engrs.  U.  S.  Army, 
No.  24. 

.     See  Survey  of  the. 

Xiamp.    .Sec  Siemens. 

Landing  Arrangements /or  a  Car  ii'err.!/  on  the  Mississippi  River  at  St.  Louis.  By 
Robt.  Moore.  The  general  problem  discussed,  with  full  drawings  of  the  device  used. 
Tr.  Am  Soc.  Civ.  Engrs.,  Vo].  XIII.,  p.  247. 

.    .See  Ferry,  and  Floating. 

Land-Slide  caused  by  accumulation  of  water  in  an  underground  grotto.  Illustrated. 
The  Engineer.  Feb.  6,  1885. 

Land  Surveying.  About  Corners.  ByF.  Hodgman.  A  paper  describing  means  of 
idectifying  and  restoring  lost  land-marks.  Report  Mich.  Assoc  Surveyors,  ISill.  See 
also  Surveying. 

Land  Division,  a  brief  account  of  land  grants  and  surveys  in  Ohio.  By  R.  W. 
McFarland .     Report  Ohio  Soc.  Surveyors,  1883. 

Land  Surveys.    Origin  of  the  U.  S.  System.    Two  articles  of  value.    First  by  Col.  H. 
C.  Moore,  of  St.  Louis  ;  second  by  Col.  Chas.  Whitilesey,  of  Cleveland.    Jour.  Ansoc. 
Eng.Soc,Yo\.ll.,v-  282  and  Vol.  III.,  p.  275. 
• in  Ohio.    SeeVuhlic  Land  Surveys. 
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Lathe  Tools.    Hints  regarding  the  choice  and  care  of  tools  for  different  kjnds  of  work. 

Etig.  Mechanic  and  World  of  Science,  May  15,  1885,  et  seq. 
Latitude,  Variations  of,  to  be  investigated  by  fixed  observatories.  Methods  for  making: 
such  observations,  together  with  a  general  discussion  of  the  subject.  By  Prof.  Hall. 
Am.  Jour,  of  Sc,  March,  1885. 

,  Determination  of.    See  Determination. 

,  Longitude  and  Azimuth.    Formulas  and  factors  for  the  computation  of.    The 

formulas  derived  and  factors  given  between  latitudes  •J3°and65°.    Appendix  7  of 
Report  for  1884  of  the  U.  S.  Coast  and  Geo.  Survey.    Sent  on  application. 
Launches.    Drawings  and  descriptions  of  a  light-draught  screw  launch  for  use  on  the 

Nile.    The  propeller  has  guide  blades.    Engineering,  April  10,  1885. 
Law.    See  Marine  International. 

Levee  Construction.  A  paper  before  the  Tech.  Soc.  of  the  Pac.  Coast,  bv  Geo.  J. 
Speeht.  Gives  cross  s-ccions,  methods,  implement*,  cost,  etc.;  also  a  valuable  method 
of  computing  the  necessary  haul  in  R  R.  earthwork.  Reprinted  in  Eag  Ntws,  Aug. 
22.  1885. 

Levees  on  the  Mississippi  River.  The  basis  of  the  claim  in  their  behalf,  in  effectively 
improving  the  low-water  channel,  denied,  a  controversy  participated  in  by  J.  B.  John 
son,  B.  M.  Harrod.  and  T  T.  Johnston.  Am.  Engr.,  May  8,  May  29,  June  26,  July  30, 
Aug.  «.  Aug     27,  and  Oct.  1,  188.'). 

■,  Tlieir  R-'lation  to  River  Phytic?.    By  R  (bert  E.  McMath.    A  Discussion  of  the 

subject  as  applied  to  the  Miss   River  and  its  Tnprovement.    A  valuable  paper.    Jour. 
Assoc.  Eng.  Soc,  Vol.  IH  .  p.  43. 

Theory  Tested  by  Facts.      By  Robt.  E.  McMath.      Being  a  careful    analysis   of  a 

great  deal  of  data,  which  goes  to  show  that  confining  tho  flood-waters  by  levees  is 
not  conducive  to  the  interests  of  low-water  navigation.  Tr.  Am.  Soc.  Civ.  Engr s.,. 
Vol.  XIII.,  p.  331. 

Leveling',  Precise.  Reports  on  field  method*,  with  results,  discrepancies,  elevations 
and  descriptions  of  bench-marks,  from  Biloxi.  Miss.,  to  Carrolton,  La.,  and  froai 
Cairo,  III.,  to  Fulton,  111.    iJep.  Miss.  Riv.  Commission.  St.  Louis,  1883,  p.  48. 

.    Swi.ss  Precision- Leveling  ;    also  a  new  method  of  making  the  bubble  visible  tO' 

the  observer  when  reading  I  he  rod.  Abstracted  from  the  French.  Proc.  Inst  Civil 
Engineers.  Vol.  I XXVIII 

■ .     Sources  of  Error  in  Spirit  Leveling.    By  J.  B.  Johnson.     Gives  the  results   of 

an  extended  experience  in  precise  leveling  on  the  U.  S.  Lake  and  Miss.  Ri v.  Sur- 
veys.   Jour,  Assoc.  Eng.  Soc,  Vol.  II.,  p.  152. 

Lock  Gates.    See  Circular  Lock  Gates. 

Locomotive  Drivers,  Imperceptible  Slip  of.  l  discussed  in  an  editorial  in  R.  R. 
Gazette,  Sept.  4,  1885.  The  conclusion  reached  that  it  does  not  occur  with  American 
locomotives. 

Locomotive  Building,  Tlie  Future  of.  By  Geo  S.  Strong.  An  analysis  of  the 
present  practice  and  of  t^.e  future  demands,  with  suggestions  as  to  how  these  are  to 
be  met.  Considers  fast  trains  in  England  and  America,  the  increase  (»f  freight  traf- 
fic, train  resistances,  boiler  power  and  economy  of  fuel;  23  pp.  Proc.  Phila.  Eng. 
Cluh,Yo\.  IV.,  No.  6. 

.    Bearing  Brasses.    An  argument  in  favor  of  alteri-  g  the  form  of  and  iucreasing 

weight  of  locomotives.    Am.  Machinist,  Ma  ch  7,  1885. 

,  Caustic   Soda.      The  Honigm,ann  System.      A  1  ng  letter,  illustrated,   bv   W. 

Howard  White,  to  the  R.  R.  Gazette  of  July  3,  1885.  Heat  is  stored  ia  solution  of 
soda  and  given  off  to  water  to  make  steami.  Is  found  efficient  where  smoke  must 
be  avoided.    See  also  Engine  without  Fire. 

,  Compound  History  of,  given  in  R.  R.  Gazette,  Aug.  28,  1885. 

,  Com,pound.      Describes  the  new  locomotive  Dreadnaught,  for  the  London   & 

Northwestern  Railway  Designed  by  F.W.Webb.  Also  discusses  the  general 
problem  of  compound  engines  lor  railways  Illustrated.  R.  R.  Gazette,  P^xxg.  11, 
1885. 

,  Compound.    Drawings,  description,  and  dimensions  in  detail  of  Worsdell's  Com- 
pound locomotive  for  passeneer  traffic.     Engineer,  May  15,  1885. 
.     "  Decajjod.''    The  largest  in  the  world.    Illustrated,  and  data  given.     The  Rail- 
road Gazette,  May  1,  1885. 
"-.    Defective  Parts.     A  review  of  the  various  defective  parts  in  the  pre.«ent  prac 
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tice,  with  suggestions  for  improvements.     By  D.  B.Dixon.    Age  of  Steel,  July  4, 

1885. 
,  English,  the  Construction  of,  on   the  London,  Brighton  &  South  Coast  Ry.     By 

Wm    Stroudley.    Special  features  to  adapt  to  high  grades  and  sharp  curves.    With 

discussion.     Illustrated.    Proc.  Inst.  Civ.  En/rs.,  Vol.  LXXXI. 
.    Practical  hints  on  indicating  the  power  of  locomotives.    Am.  Journal  Railway 

Appliances.,  April  1,  1885. 
,  Smoke-hoxes  and  Stacks,  Improvements  in,  as  made  at  Union  Pacific  Shops, 

Denver,  by  Mast.  Mech.  Wertsheimer.  Said  to  be  very  efficient.  Illustrated    Railroad 

Gazette,  July  10, 1885. 
Used  in  the  Construction  of  the  Arlherg  Tunnel.    Rf  printe  I  from  abstracts  made 

by  lust.  C.  E.,  London.    Am.  Eng.,  Sept.  17,  1885. 

.    See  Appliances,  for  inexpensive  switching  locomotive. 

Longitude  Determination  by  Telegraph.   Desciiption  of  apparatus  with  directions  for 

using.    Many  cu  s.     U.  S.  C.  <£•  G.  Survey  Report,  1880. 

.    .S'ee  Latitude  ;  also  Determination. 

Iiow-water  Navigation.  Sand-bars  removed  by  Harrows.  Bikoff's  System.  Ingenieur, 

Sr.  Peter:<burg,  Vol.  IV..  1883,  p.  372.     An   abstract  of  the  method  in  Proc.  Inst. 

Civ.  Engrs..  1884,  Vol.  LXXXVI.,  p.  393.     .See  also  Leeves,  and  River  Pbysics. 
Lubrication,  The  Finance  of.    A  paper  before  the  Am.   S^c.  of  Mech.  Engrs.,  by 

Prof  R.  H.  Thurston.    An  exhaustive  discussion  of  the  ingred.ents, cost,  value  and 

use  of  lubricants.    Jour.  Frank.  Inst.,  July.  1885,  et  seq.;  also  Am.  Engr.,  May  29' 

et  seq  :  also  Van  Nos   Engr.  Mag.,  April,  1885. 

.     See  also  Friction. 

Lubrication  of  Cylinders.    An  article  giving  various  mechanical  co  itrivances  and 

table  of  efficiencies  of  various  kinds  of  oil.    Am   Engr..  Nov.  7,  1884 

Macadam.  Quantity  of  macaiam  required  per  annum  to  maintain  road  surfaces  in 
proper  order.  This  is  shown  to  vary  largely  with  the  quality  of  the  stone  used,  but 
is  found  to  follow  a  simple  law  for  every  kind  of  stone,  depending  further  on  the 
ainou'it  of  travel  ;  an  1  tbe  formalas  oroposed  are  borne  out  bv  experience  on  high- 
ways whose  daily  traffic  ranged  from  only  30  up  to  1.0i)0  draught  animals.  Zeit- 
schriftf.  Bamoesen.  ] 884-447. 

Machine  Guns.  A  comparison  of  the  Hotchkiss  and  Nordenfolt  systems  for  use  m 
repelling  a  torpedo  attack.     Engineering,  March  20,  1885. 

Machines,  Topography  of.  By  Oberlin  Smith.  A  paper  read  before  the  Am.  Soc.  for 
A.<^r,  of  Sc.  A  new  system  of  phraseology  advocated  for  describing  the  location  of 
parts   using  the  system  of  rectangular  co-ordinates  in  space.  Mechanics,  Oct ,  1884. 

Magnetic  Declination.  A  report  embodying  the  results  of  observations  made  in  some 
50  different  parts  of  the  htate  at  the  same  time,  under  instructions  specially  sent  out 
by  the  .Association.  By  Benj.  Thompson,  W.  H.  Jennings  and  others.  Report  Ohio 
Society  Surveyors,  1884, 

,  a  Theoretical  Discussion  of  the  Variation  of,  based  on  all  available  information, 

with  curves  showing  the  same.    Report  of  U.  S.  C.  and  G.  Survey,  1882. 

in  the  U.  S.,  being  the  decliaation  for  January,  1883,  at  over  two  thousand  points 

in  North  America,  mostly  in  the  United  States,  all  base  I  on  the  most  reliable  and 
latest  observed  declinations.     Report  of  U.  S  C.  and  G  Survey,  1883. 

.    .See  also  Declination. 

Magnetic  Pole.  A  new  position  assigned  to  it  by  Lieut.  Fredk.  Schwatka,  with  rea- 
sons.   Science,  Feb.  27,  1885. 

Magnetism  :  Its  Principles  and  Application  to  Shipis  and  Compasses  A  compilation 
of  information  on  this  subject  from  the  writings  of  Sir  W.  Snow  Harris.  F.  R.  S.t 
Rev.  W.  Scoresby,  F.  R.  S.,  and  Capt.  S.  T.  S.  Lecky.  R.  N.  R.  Published  by  the 
Bureau  of  Navigation,  Navy  Department.    Naval  Professional  Papers.  No.  13. 

Malleable  Iron  Castings.  A  description  of  the  most  improved  process  of  making 
malleable  iron  castings.  Read  before  the  Iron  and  Steel  Institute  by  T.  Nordenfelt. 
Engineering,  May  15,  1885;    Am.  Much.,  June  6,  188'. 

Manchester  Ship  Canal.  A  review  of  the  enterprise,  its  present  status,  with  the- 
engineering  arguments  j>ro  and  con.     Ftoi.  Nos.  Eng.  Mag.,  Nov.,  1884. 

Maps,  Projection  of.     See  f rejection . 
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]y[arine  Boiler  Construction,  Lloyd's  Rules  as  Affecting.  By  J.  T.  Milton,  Asst. 
Chief  Engineer  and  Surveyor  to  Lloyd's  Register,  M.  I.  N.  A.  An  exposition  of  the 
principles  upon  which  Lloyd's  Rules  are  based,  and  a  defense  of  the  Rules,  with 
discussion  concerning  both  Lloyd's  and  the  Board  of  Trade  Rules.  Reprinted  from 
Trans.  Inst.  Naval  Architects  by  the  Bureau  of  Navigation,  Navy  Department. 
Naval  Professional  Papers,  No.  16. 

Marine  International  Law.  Compiled  by  Commander  Henry  Glass,  U.  S.  N.,  and 
published  as  No.  34  of  Pioc.  of  the  U.  8.  Naval  Institute. 

Masonry  Supports /or  Hanging  Walls  at  the  Tilly  Fosier  Iron  Mines.  By  Louis  G. 
Engel.    A  lengthy  article,  with  17  full-page  plates.    S!ch.  of  Mines  Quar.,  May,  1885. 

Master  Car-Builders.  Proceedings  of  Convention  at  Saratoga,  June,  1884.  Apply  to 
M.  N.  Forney,  Secy.,  73  Broadway.  New  York. 

Mechanical  Engineering.  The  outline  of  a  course  of  instruction,  with  arguments  by 
Roht.  H.  Thurston.     Jour.  Fr.  Inst.  Vol.  CXVIIL,  p.  188  (Sept.,  1884). 

Metals.    .See  Fatigue;  also  Oxidation. 

Metallurgy.    See  Gold  and  Silver. 

Metric  and  British.  Measures  Compared  for  Engineering  Purposes.  By  Arthur 
Hamilton-Smith,  before  the  Inst.  Civ.  Engrs.,  with  discussion.  Issued  also  as  a 
separate  pamphlet.  Discusses  measures  of  length,  capacity,  weight,  and  pecuniary 
values  used  in  England.  It  is  favor  ible  to  the  metric  system.  Paper  No.  2,024.  Pro- 
ceedings for  1885,  Inst.  Civ.  Engrs.  Abstract  ot  Engineering,  Jan.  23,  1885  ;  also 
Eng.  News,  A'pTi\4i,lSS').  Also,  interesting  particulars  about  the  benefits  of  its 
introduction,  especially  in  Germany.  Letter  from  Frankfort  by  W.  Howard  White, 
C.  E.  N.  Y.  Nation,  March  5,  1885  ;  also  New  York  Semi-Weekly  Evening  Post, 
March  13,  1885. 

■ in  Engineering.    Its  use  in  railway  work  in  Mexico,  in  an  engineer's  office  in 

Boston,  and  for  leveling.     Jour.  A.ssoc.  Eng.  Soc,  "Vol.  II.,  pp.  321,  322  and  826. 

Mexico,  Population  Chart  of,  showing  lines  of  railroads.  Railroad  Gazette,  July  10, 
1885. 

,  Railroad  Building  in.  By  Laurence  Bradford.  Discusses  topographical  pe- 
culiarities and  advantages  and  disadvantages  of  the  metric  system  in  railroad  work. 
Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  345. 

.    &ve  Mininvr  Code. 

Mill  Architecture.  A  lecture  by  C.  J.  Hexamer,  before  the  Franklin  Institute.  Dis- 
cusses floors,  girders,  walls,  cornices,  columns,  roofs,  fire  doors,  i:)icker-houses,  card- 
rooms,  transmission  of  power,  heating,  lighting,  and  frictional  electricity.  Jour. 
Fr.  Inst.,  July,  1885. 

Milling.  A  two-page  plate  of  a  design  for  a  flour-mill  to  be  built  in  Covinto,  Chili. 
Water-power  to  be  used.     Engineering,  April  24,  1885. 

"ULines,  Accidents  from  Fire-damp  in.  and  Means  of  Preventing.  A  paper  reprinted 
trom  Le  Gentc  Civil.  By  L.  Parent.  Discusses  in  detail  an  accident  in  France, 
wher.-by  28  workmen  lost  their  lives;  then  considers  the  influence  of  tbe  blasting 
charge;  the  influence  of  dust;  the  influence  of  currents  of  air,  with  regard  to  their 
quality  and  quantity,  and  with  regard  to  the  point  of  origin  of  accident;  and  the 
measures  to  be  taken.    En,g.  Neivs,  Sept.  5,  1885. 

.    See  Masonry  Supports. 

Mining  Code,  New,  of  Mexico.  Regulates  all  matters  relating  to  mining  property. 
Adopted  1884.  A  full  synopsis  given  in  a  paper  before  the  May  meeting  of  lust,  of 
Min.  Engrs.    By  Rich.  E.  Chism,  E.  M.     Iron,  July  3,  1885. 

,  Exhaustive.    A  paper  by  \V.    H.   Jennings  before  the  Ohio  Inst,   of  Min.  Engrs. 

reltiting  to  a  more  effectual  exhaustion  of  coal  he  Is.    Ohio  Minijtg  Jour.,  Za.nea- 
ville.  May.  1885. 

.    See  Masonry  Supports  for  Hanging  Walls. 

Surveying,  in   Coal   Mines  of  Ohio.      By  R.   S.  Paul.      Ohio   Mining   Journal, 

November,  1882.    See  also  paper  on  same  subject  in  same  journal  by  R.  M.  Hazel- 
tine. 

Mississippi  River  Bottoms,  Geology  of.  Being  a  report  on  numerous  borings  made 
throughout  the  lower  river  bottoms,  with  important  conclusions.  Rep.  A/m\  Riv. 
Com.,  St.  Louis,  1883,  p.  479. 

• Floods  of  Earlier   Times.      Bv  J.  A.  Ockerson.    With  an  elegant  lithographic 

map  of  130  miles  of  tbe  river  from  Vicksburg  to  Natchez.     Article  shows  ihat  th» 
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"floods  of  former  times  were  not  materially  different  in  heisrht  from  those  of  to-day. 
With  discussion  by  Robt.  E.  McMath.  Jottr.  Assoc.  Eny.  Soc,  Vol.  IV.,  p.  187. 
—  Impravcnu'iifs.  Report  of  the  Miss.  Riv.  Com.  for  1884,  including  reports  from 
the  Secretary  and  other  officers  in  charge  of  works  and  surveys;  also  results  of 
high-water  observations  on  the  floods  of  1882,  1883  and  1884;  precise  levels  from 
Fulton,  III.,  to  Chicago,  111.;  also  description  and  elevation  of  permanent  bench 
marks  from  Greenville,  Miss.,  to  Carrollton,  La.;  results  of  experimental  work  with 
current  m^'ters  at  various  discharge  stations.  Apply  to  Sec.  Miss.  Kiv.  Com.,  St. 
Louis,  Mo. 

Improvement .    Methods  employed  on  the   Miss.  River  below   Cairo.      Kep.  Miss. 


Riv.  Com.,  St.  Loiii.%  1883,  pp.  349-478. 

,   Map  of,  from   Cairo  to   the  Passes,  in    Thirty-two  Sheets,  besides  three  Index 

Sheet.'i.  Scale,  one  inch  to  the  mile.  Prepared  under  the  direction  of  the  Missi.t- 
si/tpi  River  Cornmi.'ision,  from  the  most  careful  and  accurate  topographical  surveys 
•  ever  made  in  this  country  over  so  large  an  area.  The  sheets  were  first  drawn  to  a 
scale  of  1-10,000,  and  o:i  all  these*  3  foot  or  5  foot  contours  h  ive  b-tea  dra  vn.  These 
contours  have  been  carefully  located  from  one  to  one  and  a  half  miles  back  from 
either  bank.  These  are  not  shown  on  the  reduced  map,  howevt-r,  but  the  topog- 
raphy is  drawn,  and  all  landings,  position  of  channel  at  time  survey  was  made,  and 
distances  from  Cairo  given.  Address  Secretary  Miss.  Riv.  Com., '<;8^'8  Washington 
avenue,  St.  Louis,  Mo. 

.     Protection   of  the  Lowlands  below  Cairo  from  Overflow      By  J.  B.  Johnson. 

The  present  conditions  stated  and  some  lemedies  suggested.  Jour.  Assoc.  Eny.  Soc, 
Vol.  III.,  p.  169. 

,  True  Source  of,    as  determined  by  Captain  Wdlard  Glazier,  July,  1881,  with 

map,  being  in  Lake  Glazier.  3  teet  above  Lake  Itasca.  Proc.  Royal  Oeog.  Soc,  Jan- 
uary, 1885. 

Monument.    See  Washington. 

Movement  of  a  Lig'h.tliouse,  weighing  440  tons,  on  ways,  by  means  of  jacks.  Meth- 
ods described.    Am  Engr.,  April  10,  1885. 

nsr 

Narrow- G-aug'e  Railroads.  By  Auguste  Moreau  A  minute  discussion  of  relative 
economies  by  a  confirmed  narrow-gau2;er.  Much  studied,  but  ex  parte.  58  pages. 
M^moires  de  la  Societe  des  Ingenieurs  Civils.  December,  1884. 

National  Conference  of  Electricians,  Philadelphia.  A  full  report  of  this  important 
conference  is  given  in  the  Electrical  Review,  Oct.  18.  1884,  and  the  four  following 
numljers. 

Natural  Gas.  Report  of  a  committee  of  the  Engrs.  Soc.  of  West.  Penn..  Pittsburgh, 
on  its  composition,  utilization,  illuminating  and  healing  power,  explosibility,  etc., 
with  discussion  made  May  ^1.  1884. 

• .     Paper  before  the  Iro'i  and  Steel  Institute  Eng.,  by  Mr.  A.   Carnegie.    Gives 

methods  of  collection,  transportation  and  uses.    Engineering,  July  10,  1885. 

Navy,  Italian.  The  number  and  class  of  ships,  with  some  data  of  largest.  Eiigineer- 
ing,  Feb.  13,  1885. 

Navigation.    See  Low- Water;  also  Paddle- Wheels. 

Needle,  Magnetic    See  Declination. 

O 

Observing  Tripods  and  Scaffolds,  for  Triaugulation  Woik.  A  pi-actical  descrip- 
tion, with  matiy  cuts,  of  the  exact  methods  employed  on  the  U.  S.  c.  and  G.  Survey. 
Report,  1882. 

Ohm.    .S'ee  Ampfire 

Oil  and  Gas  Fields  of  America.  By  Prof.  James  Dewar,  F.  R.  S.  A  lecture  before 
the  Society  of  Arts,  London.  A  very  complete  account  of  the  geographical  distri- 
bution and  methods  of  working.    Sc.  Am.  SuppL,  July  18,  1885. 

Optical  Telegraphy,  by  Sun  and  Lamp  Light.     From  the  French.    Fully  illustrated. 

Sc.  Amer.  Supjyl.,  Sept.  12  and  19,  1885. 
Ornamentation  in  Works  of  Iron.     A  paper  before  the   British  Civ.  and    Mech. 
Engrs.'  Soc.    Am.  Engr.,  March  J3,  1885. 

Oxidation  of  Metals.  An  improvement  over  the  BowerBarff  process  for  small 
articles.  The  method  given  to  the  public  by  Col.  A.  R.  Bufflagtou,  of  the  O.-daxnce 
Dapt.  U.  S.  Army.    Mechanics,  June,  1885.    See  also  Paints. 
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IP 

Paddle-Wlieels.  Notes  on  the  history  of  paddle-wheel  steam  Navigation.  Read  be- 
fore Inst.  M.  E.     By  Henry  Sandham.    Engineering,  April  3,  1885,  et  stq. 

Taints  for  Exjjosed  Metallic  Sitrf aces.    IronAge,  Autj.l3,  1885.    -See  also  Iron  Surfaces. 

Panama  Canal.  A  series  of  controversial  letters  by  Capt.  Bedford  Pirn,  Capt.  Henry 
Gorringe,  Capt  Jas.  B.  Kads,  Admiral  Ammen,  and  C.  Coln6,  Secretary  Am.  Com- 
mittee, all  appearing  in  the  files  of  the  New  York  Sun  for  November.  Also,  a  paper 
by  C.  Colne  before  the  Franklin  Institute,  treating  the  subject  historically,  and 
describing  the  present  state  of  the  works,  with  profiles  and  maps.  Jour.  Fr.  Inst.^ 
Nov.,  1884. 

Pantograph..  Rules  and  tables  for  setting  the  pantograph,  as  made  by  the  American 
Steam  Gauge  Co.  and  by  the  Ashrjroft  Mfg.   Co.     Boston  Jour.  Com.,  April  4, 1885. 

Paving-  Stones.  Apparatus  used  by  French  Engrs.  to  determine  the  coefficient  of 
attrition.    By  Prof.  Wm.  Watson.   Illustrated.  Jour.  As-wc.  Eng.  Soc.,  Vol.  I.,  p.  32o» 

Pavements  of  Berlin,  Granite  and  Asphaltum.  Abstract  of  methods  of  laying,  in 
Proc.  Inst.  Civ.  Enyrs.  Vol.  LXXXL,  p.  376. 

of  Washington.  D.  C.    Specifi:;ations  for  gr.inite,  asphaltuni  and  asphaltum   block 

pavements,  as  laid  in  that  city,  together  with  a  schedule  of  the  pavements  of  the 
city,  with  map  showing  same  in  colors.  Report  of  Engr.  Department,  District  of 
Columbia,  1884.     See  further  Wood  Pavements,  and  Street  Pavements. 

Photography  in  Engineering.  Gives  outfit  and  practical  hints.  Shows  its  use  in 
surveying,  whereby  geographical  positions  and  relative  elevations  may  be  mapped 
with  tolerable  accuracy.  Ibustrated.  By  D.  C.  Humphreys.  Jour.  Assoc.  Eng.  Soc., 
Vol.  III.,  p.  HO. 

Physiological  Bearing  of  Electricity  on  Health.  By  Dr.W.  H.  Stone.  Electrical 
Review,  Oct.  II,  ISSi.  Continued  from  a  pi-evious  number.  Discusses  conditions 
of  danger  to  life . 

Pile-Driving-  /)i  6"a)irf2/ So?7.9.  An  elaborate  report  on  the  methods  employed  on  the 
Mississippi  River  and  elsewhere,  comparisons  of  methods  by  water- jet  and  steam 
hammer,  with  suggestions  for  further  imijrosements.  By  Lt.  F.  V.  Abbot.  Bei).  Chf. 
of  Engrs.,  U.  8.  A.,  1883,  Vol.  II.,  p.  1249. 

by  Water-Jet  and   by  Hammer.     Two  ei:tended  reports  by  Lt.    F.  V.  Abbot,  on 

this  part  of  the  Mississippi  River  improvement  workh.  Methods  and  cost  given  in 
great  detail,  and  comparisons  drawn.  RepVs  Chf.  Engrs.  U.  S.  A  ,  1883,  Pt.  III., 
p.  1249,  and  1884,  Pt.  II..  p.  15U5. 

Piles,  Resistanceof.  An  analytical  investigation  ot  thf>  subject  to  determine  their  re- 
sistance to  loads  in  term  3  of  the  energy  of  the  fiial  blows  and  the  distance  moved; 
applied  to  the  foundations  of  Fort  Montgomery,  N.  Y.  A  pamphlet  of  18  pages, 
issued  by  tbe  Engr.  Department,  U.  S.   ^. 

Pipe.  .See  Chemical  Obstructions;  Corrosion:  Earthenware;  Flow;  Gas;  G.is  Pipe; 
Hydiaulic  Tables;  Service  Pipe;  and  Water  Pipe 

Pipe-Line  Transportation  of  Petroleum.  A  general  map  of  the  main  pipeliii-s  from 
the  oil  regions  to  the  sea  and  to  Lake  Erie,  with  a  profile  of  the  Olean-New  York 
line,  and  an  account  of  the  enterprise.  Engineering  i\iews,  June  13,  1885.  Re- 
priuted  iu  Science,  June  19. 

Piston  Rings.    Illustration  of  a  new  kind.    Engineer,  March  6,  1885. 

Springs.     A  new  form  of  piston  springs  in  which  tie  radial  pressure  is  easily 

aljiiit'l.     E  i/jinei'vin'j,  Marcli  13,  18S). 

Plane  Table  Surveying-.  An  exhaustive  memoir  on  tbe  subject,  as  practice  1  on  the 
U.  S.  C  and  n.    Sui-vey.    See  Report,  1880. 

Planimeter,  Amster's  Polar,  Theory  of.  The  mathematical  proof  of  its  workings.  By 
E.  L.  Ingram     Sch.  of  Mines  Qnar.,  May,  1885. 

.    Directions  as  to  the  care,  use  and  testing  of  Cordai's  planimeter.    Translated  by 

J.  S.  Elliott.     Van.  Nos.  Eng.  Mag..  June,  1885. 

,  Theory  of  the  Polar.  By  Fred.  Brooifs.  A  new  and  valuable  development.  Illus- 
trated.   Jour.  Assoc.  Eng.  Sac,  Vol.  III.,  p.  294. 

,  The  Rolling.    A  new  form,  said  to  possess  many  advantages  over  Amsler's  in  the 

matters  of  compass  and  accuracy.  From  the  German.  Illustrated  and  formulas 
given.     Sc.  Am.  Suppl.,  April  25,  1885. 

,  Theory  of.  Discussed  from  the  Manufacfjrers'  Stand-poiot     By  Chas.  E.  Errery. 

Proc.  Am.  Soc.  Mech.  Engrs.,  Vol.  VI.,  p.  496. 
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Plumbing,   for  Providence,  R.  I.    The  test   of  the  new  ordinance  on  plumbing  and 

house  drainage.    Sanitary  Engr.,  Aug.  'ZQ,  1885. 

.    Regulations  Prescribed  by  the  Health  Department  of  Brooklyn.     Earthenware 

soil  pipes  allowed  under  restrictions.    Sanitary  Engr.,  March  26,  1885. 
Pneumatic  Transmission  6eh«ee /I  London  and  Paris.    Translated  from  Le  GSnie 

Civil  and  published  in  Eng.  News,  March  S8,  1885.    The  proposed  scheme  desciibed. 
Pontoon  i?((j7H-(((/ Brt'df/t' across  the  Miss.  Riv.  at  Prairie  du  Chien.    Description,  with 

plates  and  d  scussion.    Tr.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIII.,  p.  67. 
Portland  Cement  Tests.    Very  elaborate,  both  as  to  times  allowed  for  setting  and  as 

to  composition.    Results  plotted.    Very  valuable  record.    Rep.  Chf.  of  Engrs.,  1883, 

Vol.  II..  p  l8^n. 
Potomac  River  Plats  in  front  of  Washington.  A  complete  history  of  the  river's  changes 
for  100  years;  aii  accouot  of  all  former  attempts  at  reclamation;  a  history  of  the  long 

bridge  and  its  effects;  together  with  a  full  account  of  the  methoas  now  iu  operation 
for  reclaiming  them.     Rep.  Chf.  of  Engrs.  U.  S.  A.,  1883,  Vol.  I.,  p.  "iVO. 
Power,  Distribution  of  by  rarefied  air.    A  company  in  Paris  supplies  power  for  motors 

of  one  horse-power  or  less,  and  leases  the  motors.      An  elaborate  account  of  the  in- 
stallation, with  numerous  plates.  Memoires  de  la  Societe  des  Ing.    Civils.    Paris, 

March.  1885. 
,  Transmission  of.    By  R.  F.  Hartford,  Columbus.  Report  Ohio  Society  Surveyors, 

1885. 
Privy  Vaults,  Substitutes  for.    Discussions,  Editorials,  and  Abstracts  of  Reports  on 

the  question.    Sanitary  Engr.,  March  12,  19,  26,  ei  seq  ,  1885. 
Projectiles,  The  Electrical  Determination  of  the   Velocity  of.    By  Prof.  Ed.  J.  Hous- 
ton.   Illustrated.    Jour.  Frank.  Inst ,  August,  '85. 
,  Velocity  of.    H.  A.  Sinclair.      Electr.  Eng.,  New  York,  April,  1885.     Describes 

best  modern  methods  for  measuring  velocity  of  gim  shots.  ^ 

Projection  of  Maps.    An  account  of  various  methods  that  may  be  used,  with  a  fuller 

account  of  the  method  of  polyconic  projections  used  on  the  U.  S.  C.  and  G.  Survey. 

See  Report,  1880. 
Propellers,  Efficiency  of  Guide-blade.    By  J.  I.  Thornycraft,  M.  I.  N.  A.    Descriptive 

of  a  series  of  experiments  with  guide-blade  and  other  propellers,  with  tabulated 

results.    Also  remarks  as  to  the  limitations  of  the  use  of  guide-blade  propellers. 

Naval  Prof.  Papers,  No.  16. 
Propulsion,  Hydraulic.    A  description  of  the  latest  experiments  made  to  find  the 

comparative  efficiencies  of  the  jet  and  screw.    By  S.  W.  Barnaby.     Van.  Nos    Eng. 

Mag.,  April,  1885.    See  also  Hydraulic  Propulsion. 
Public  Lands,  Survey  of  in  Ohio.    By  Col.  Chas.  Whittlesey.    Eight  pp.,  with  map. 

Tract  No.  61,  N.  Ohio  Hist.  Society.    W.  W.  Williams,  Printer,  Cleveland,  O. 
Pumping  Hot  Water.    Some  results  of  experiments,  giving  relative  heights,  tem- 
peratures and  quantities.    Eng.  News,  June  27,  1885. 
Pumping  Engines.    A  ptaper  on  the  comparative  merits  of  vertical  and  horizontal 

engines  and  on  rotative  beam-engines  for  pumping,  where  large  powers  are  required; 

with  many  illustrations.    By  W.  E.  Rich.    Discussion  by  many  members  of  the 

institution.     Proc.  Inst.  Civil  Engineers,  "Vol.  LXXVIII.  p.  I. 
Pumping  Engine  Duty  and  its  influence  in  perfecting  the  steam  engine.    By  John 

Whitelaw.     Jour.  Assoc.  Eng.  Soc,  Vol.  IE.,  page  76. 
Pumping  MacMnery,  for  water-works,  being  a  comparison  of  the  relative  merits  o^ 

direct  acting  and  crank  and  fly-wheel  engines  for  various  capacities.    By  Frank  H. 

Pond.     4m.  .En  gf,  June  5, 1885. 
Pumps.    Illustrations  and  descriptions  of  new  high-pressure  pumping  machinery. 

Engineer,  March  13,  1885. 
Punching.    See  Steel. 

Hainfall.  Analysis  of  that  observed  at  Lake  Cochituate,  Mass.,  to  determine  law  of 
variation  from  mean.    Illustrated.    Am.  Soc.  Civ.  Engrs.,  Vol.  XIII.,  p.  359. 

.  The  maximum  that  may  occur  in  a  given  number  of  hours.  The  question  dis- 
cussed by  the  aid  of  Dr.  Englemann's  observations  since  1838.  and  a  formula  derived. 
By  Prof.  F.  E.  Nipher.    Am.  Engr.,  May  8,  1885. 

.    The  Influence  of  Elevation  and  Wind  upon  Gauge  Records.    By  Desmond  Fitz- 

Gerald.    Jour.  Assoc.  Eng,  Soc,  Vol.  HI.,  p.  233. 
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Rainfall  and  River  Flow.    Tne  ratio  of  the  two  as  observed  for  three  years  at  th& 

Cape  of  Good  Hope  over  105  sq.  miles,    Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXI. 
,  Effect  of   Wind   Currents  on  and  on  the  Gauge  Record.      A  10-page   pamphlet, 

with  cuts,  being  Signal    Service  Notes  No.  XVI.,  to  be  had  of    Sig.  Serv.  Bureau, 

Washington. 
Rails,  Creeping  of.    See  Creeping. 
,  Sections  and  Flange  Wear.    An  able  discussion  of  a   paper,   by   M.  X.  Forney, 

Secretary  Master  Car-Builders'  Association,  taking  exceptions  to  concliisons  there 

reached.    Illustrated.    Railroad  Gazette,  Match  27,  18So. 
Sections.    Editorials  in  which  the  form  and  area  of  cross-section  and  weight  of 

rail  proper  for  various  degrees  of  strength,  stiffness  and  durability  are  well  argued. 

Railroad  Gazette,  March  13  and  27,  1885. 
■  for  Street  Railroads  :    Iron  vs   Steel.     By  A.  W.  Wright.    The  question  argued» 


but  not  sufficient  evidence  to  reach  satisfactory  conclusions.  Jour.  A.^soc.  Eng, 
Soc,  Vol.  IV.,  p.  314. 

Rail  Joints  and  Splice  Bars,  Why  they  Break.  A  paper  read  before  the  Engrs.'  Soc. 
West.  Fenn.,  by  M.  J.  Becker;  a  careful  and  valuable  study  of  the  subject,  with 
satisfactoi'y  conclusions.    Am   Engr.,  Feb.  6,  1885. 

Railroad.  Berlin  Circuit  Railroad.  A  series  of  articles  containing  a  complete  descrip- 
tion of  the  great  work.     Zeitschrift  fiir  Bauivesen,  1884  anrj  1885. 

,    Canadian   Pacific.      An   account  of  its  location   and   construction,  by  J.   C_ 

James,  the  Chief  Engineer.  Proc.  Inst.  Civ  Engrs.,  1884,  Vol.  LXXVI.  Also  a 
paper  by  E.  T.  Abbott,  showing  rate  of  progress  made,  being  the  most  rapid,  prob- 
ably, on  record.     Jour.  Assoc.  Eng.  Soc  ,  Vol.  IV.,  p.  150. 

Cross-ties.    Description  of  the  metallic  cross-ties  that  have  been  used  for  several 

years  on  German  roads.    A7n.  Engr.,  March  13,  1885. 

Curves.    See  Compensation . 

Earthwork.  Diagrams  and  tables  for  simple  and  compound  formations.  By  Ed- 
ward Thiange  and  J.  M.  Rudiger,  together  with  graphical  determination  of  haul 
Proc.  Engrs.'  Clb.  Phil.,  Vol.  IV.,  M.  2,  pp.  67-92. 

Elements  of.  By  Charles  Paine.  Being  a  series  of  articles  appearing  in  The  Rail- 
road Gazette.  Nov.  7,  Drainage.  Nov.  14,  Real  Estate  Records,  etc.  Nov.  21. 
Stations.  Nov.  28,  Main  track  and  Sidings.  These  articles  are  full  of  valuable  prac- 
tical suggestions.    Republished  in  book  form  by  The  R.  R.  Gazette  Co. 

,  English  and  American.    A  very  pleasing  and  profitable  article,  contrasting  the 


methods  and  accommodations  of  the  two  countries  in  passenger  travel.  Illustrated. 
Harper's  Monthly  Mag.,  August,  1885.  Also  paper  by  E.  B.  Dorsey  in  Iron  Age, 
Aug.  20,  1885. 

—  Freight  Traffic,  Cost  of .  ByO.Chanute.  The  elements  of  cost  analyzed.  The 
Railway  Revieio,  May  2  and  9,  1 885 . 

—  Facilities,  Modern.  A  paper  before  the  Frank.  Inst.  By  Wm.  B.  Le  Van.  With 
especial  attention  given  to  high-speed  trains  in  various  countries.  Jour.  Frank.  Inst. 
April,  1885. 

—  Gauge-changing  While  in  Operation.  An  account  of  the  work  on  the  N.  Y.,P. 
&  O.  RR.  By  H.  C.  Thompson.  General  and  specific  instructions  given.  Illustrated^ 
Jour.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  230. 

—  Legislation  in  England.  By  Ed.  E.  R.  Tratman.  Gives  an  account  of  the  surveys, 
maps,  estimates,  etc.,  preliminary  to  obtaining  a  charter.     Eng.  News,  Aug.  1, 1885. 

—  ioca^iOTi  of  the  Northern  Pacific  Across  the  Rocky  Mountains.  ByJ.O.  Ches- 
brough.  A  good  illustration  of  the  benefits  of  a  good  contour  map.  Accompanied 
by  a  large  contour  map  of  the  region,  with  the  many  trial  fines  given.  Jour.  Assoc. 
Eng.  Soc,  Vol.  III.,  p.  153. 

—  Managers  and  Employes,  Relations  of.  Discussed  by  Dr.  W.  T.  Barnard  in  Pop. 
Sc.  Monthly  for  September,  et  seq.,  1885. 

—  Maps.  Being  letters  from  many  engineers  on  the  subject,  in  Railroad  Gazette, 
Nov.  7, 14,  and  Dec.  5,  1884. 

— ,  Metropolitan,  of  London,  Eng.  History  and  description  of  the  thirteen  miles 
of  subsurface  railway  in  the  heart  of  the  city.  Fifty  cuts,  showing  profiles,  cross- 
sections  and  methods  of  construction.  Specially  valuable  in  the  matter  of  tunneling 
imder  large  buildings.  By  B.  Baker  and  J.  W.  Barry.  With  discussions.  Proc. 
Inst.  Civ.  Engrs.,  Vol.  LXXXI. 

— ,  Metropolitan,  for  Paris,  By  M.  Haag.  Project  for  a  railroad,  partly  elevated  and 
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partly  in  tuunel,  to  cost  $108,000,000,  including  the  cutting  of  new  streets.  Sixteen 
pp.  and  folding    plate.      Memoires  de  la  Societe  des  Ingenieurs  Civils  (Paris),  Dec, 

1884.  Also,  by  Jules  Gamier:  Project  for  a  system  of  elevated  railroads,  to  cost 
50,000,000  francs  ;  17  miles.  Two  tracks,  one  above  the  other.  M('moires  de  la 
Societe  des  Ingenieurs  C'ivils,  Feb.,  1885. 

,  Speed.    On  the  most  economical  speed  for  freight  trains,  and  the  relations 

between  the  cost  of  maintenance  and  the  speed  of  trains,  the  grades  and  curves,  and 
the  amoimt  of  trafflc.  By  Prof.  Frank.  Organ  fiir  die  Fortschritte  des  Eisenbahn,- 
wesens,  1885,  p.  165. 

.    The  Suakint- Berber .    .SeeSuakim. 

,  Surveys.    Trunk  line  field  work  on  a  preliminary  survey  for  location.     By  Saml. 

McElroy.  Gives  field  instructions  to  parties,  and  notes  on  the  same.  Contains  many 
valuable  hints.    Jour.  Assoc.  Engr.  Soc,  Vol.  I.,  p.  157. 

,  West  Shore,  Reminiscences  of.  By  Wm.  H.  Searles.  Many  interesting  partic- 
ulars given.    Jour.  Asoc.  Eng.  Soc.,  Vol.  IV.,  p.  413. 

Railroads.    See  Narrow-gauge;  also  Ship;  and  Tehuantepec  Ship. 

Rapid  Ti'ansit.  A  discussion  of  the  question  adapted  to  Philadelphia,  with  map 
showing  the  half-hour  limit  for  pedestrians,  street  cars,  and  elevated  railroads,  the 
respective  areas  being  8,  18  and  72  square  miles,  with  supplement  on  Growth  of 
Cities,  by  L.  M.  Haupt.  Proceedings  of  Engra.'  Club  of  Philadelphia,  Vol.  IV., 
]So.  S. 

Refrigrerating  Machinery.    See  Heat. 

for   Supplying    Cold   Air  free  from  moisture.     Chambers'   patent,  England. 

Described  in  Iron,  July  3,  1885. 

Reservoir,  Ashti  River,  India,  covering  4.2  sq.  miles  ;  capacity,  l,.nOO  million  cu.  ft. ; 
embankment,  254  miles  long,  with  max.  ht.  of  58  ft.,  composed  of  earth,  A  full 
account  by  C.  T.  Burke,  M.  I.  C.  E.,  the  Engineer.  Proc.  Inst.  Civ.  Engrs.,  1884, 
Vol.  LXXVI. 

,  Covered  Service,  at  Nottingham,  Eng.    Dimensions,  180  X  141  X  16  feet.    Plan, 

elevations,  sections,  and  details  are  given.    The  Engineer,  July  10,  1885. 

,  at  Headwaters  of  the  Mississippi  River,    A  progress  report,  with  cross-sections 

of  dams,  estimates  of  cost,  etc.    Rep.  of  Chf.  of  Engrs.,  1883,  Vol.  II.,  p.  1455. 

Resilience.    See  Steel. 

'Resista/D.ce  of  Locomotives  and  Trains.  An  abstract  of  a  paper  by  Prof.  A.  Frank; 
translated  from  the  German  for  the  Inst,  of  Civ.  Engrs.  The  most  important  formu- 
las, tables  and  conclusions  given.  Theoretical  treatment  based  on  a  great  many 
carefully  made  experiments.  Probably  the  most  reliable  data  of  the  kind  yet  pub- 
lished.   Railway  Review,  Chicago,  March  7,  1885;  also  Van.  Nos.  Eng.  Mag.,  March, 

1885.  See  also  Friction. 

Torpedo  Boat,  Some  Experiments  to  Test  the.    By  A .  F.  Yarrow,  M.  I.  N.  A.    A 

paper  giving  results  of  experiments  with  a  torpedo-boat  of  40  tons  displacement,  at 
speeds  ranging  from  8  to  21  knots,  showing  indicated  powers  at  the  various  speeds, 
and  resistances  at  the  various  speeds,  when  propelled  by  the  engines  and  when 
towed.  With  discussion  by  Mr.  R.  E.  Froude,  Sir  Edw.  Read,  Mr.  W.  H.  White  and 
others.  Reprinted  from  Trans.  Inst.  Naval  Architects  by  the  Bureau  of  Navigation 
Navy  Dept.    Naval  Professional  Papers,  No.  16. 

Retaining:  Walls.  Algebraic  determination  of  the  lines  of  pressure  within  retaining 
walls  of  all  the  customary  cross-sections,  for  quick  work.  Zeitschrift  f.  Bauivesen 
1885-93 

,  Stability  of  and  the  Thrust  of  Earth  upon.  By  A.  Gobin,  in  Annates  des  Ponts  et 

Chaussies,  Vol.  VI.,  1883,  p.  98;  62  wood  cuts.  An  abstract  given  in  Proc.  Inst.  Civ. 
Engrs.,  1884,  Vol.  LXXXVI.  The  results  accord  with  experiment,  and  the  theory 
takes  account  of  the  cohesive  forces  of  earth.    P.  387. 

Rivers  and  Harbors.  Annual  Report  of  the  Chief  of  Engrs.,  U.  S.  Army,  1884 .  Four 
volumes,  with  table  of  contents  and  alphabetical  index.  Gives  [engineering  and 
financial  information  concerning  all  public  works  under  this  department,  including 
the  report  of  the  Miss.  Riv  Com.  for  1883.  Apply  to  Chief  of  Engrs.  U.  S.  Army, 
Washington. 

River  and  Harbor  Bills  in  the  U.  S.  Congress.  By  Clemens  Herschel.  A  valuable 
article,  showing  the  defects  in  the  present  system  and  contrasting  it  with  that  pur- 
sued in  other  countries.     Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  93. 

River  Co^iservation.    Preliminary  report  on  the  physical  charcteristics  and  methods 
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of  improvement  to  be  applied  to  the  Conn.  River.  By  Clemens  Herschel.  An .  Reg- 
Harbor  and  Land  Conimsrs.  of  Conn.,  1884. 

,   Discharge.     Reports  on  methods  and  results  of  eight  parties  on  the  Miss.  River, 

each  for  one  year's  observations,  1881  and  1882;  together  with  computed  daily  dis- 
charges of  the  river  at  many  other  points  for  the  year  1882.  Rep.  Miss.  Riv.  Com. 
St.  Louis,  1883,  p.  178. 

Hydraulics.    See  Bank  Protection. 

■ Improvement.    Converting  the  River  Main,  btween  Frankfort  and  Mayence,  into 

a  slack-water  navigation,  by  means  of  five  movable  dams,  locks,  channels  for  rafts 
and  other  works.  To  be  flnisbed  tict.  1, 1886,'at  a  cost  of  about  $1,375,000.  Zeitschrift, 
d.  V.  D.  Inar  ,  Oct.  25,  1884. 

,    Improvemeni  of  the  Danube :  two  lectures  by  Gustav   Wex,  Chief  Director  of 

the  work.  Translated  and  issued  by  the  Engr.  Dept.,U.  S.  A.,  as  two  separate 
pamphlets  of  25  pp.  and  fiO  pp.  respectively. 

Improvtment  of  Non-Tidal  Rivers,  being  translations  from  the  Russian,  German, 

and  French,  and  fairly  covering  the  whole  ground  of  river  improvements  as  now 
practiced  in  Europe.  Issued  by  the  Engr.  Dept.,  U.  P.  A.,  as  a  folio  pamphlet  of 
200  pp.,  with  many  plates.    See  also  Low  Water  Navigation. 

Timber  dam,  with  navigable  pass,  closed  by  a  hydraulic  lifring  apparatus,  called 

the  American  bear-trap  system  To  be  used  on  the  Kentucky  River  at  Beattyville, 
Ky.    Report  Chief  of  Engineers  U.  S.  A.,  1884.  Part  III.,  p.  1731.    Illustrated. 

.  The  Adaptation  of  Movuble  Dams  to  t\^elva.\iTo^v6nlQ\lt  of  Low- Water  Naviga- 
tion in  the  Ohio  and  Kauawha  Rivers.  By  Prof.  L.  M.  Haupt.  Data  taken  from  the 
reports  of  Chief  of  Engrs.  of  U  S.  Army,  and  brought  together  in  good  shape 
Thirty-three  pp.,  5  plates.    Proc.  Phila.  Engrs\  Club,  Vol.  IV.,  No.  5. 

Physics.    Great  floods  on  the  Lower  Miss.  Riv.,  as  illustrated  in  the  flood  of  1882. 


By  J.  B.  Johnson.    Accompanied  by  map  of  the  valley  showing  overfic)w  area  below 

Cairo.     Jour.  As.wc.  Eng.  Soc,  Vol.  II.,  p.  115. 
Physics.    Silt  Movement  in  the  Miss.  River.      By  R.  E.  McMath.    Gives  results  of 

observations  at  St.  Louis.    Jour.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  266. 
.    Physics,  Three  Prot  lems  in.    A  paper  by  J  B.Johnson   before  the  Am.  Assoc. 

Adv.  Science.    Discusses  (1)  The  Transportation  of  Sediment  and  the  Formation 

and  Removal  of  Sand  Bars;  (2)  The  Flow  of    Water  in  Natural  Channels;  (3)  The 

Relation  of  Levees  to  Great  Floods  and  to  the  Low- Water  Navigation  of  Rivers. 

Reprinted  in  Engr.  News,  Aug.  1,  1885 

.    See  also  Potomac  River  Flats,  Rainfall,  and  Flood. 

,    Tidal.    The  relative  value  of  tidal  and  upland  waters  in  maintaming  rivers, 

estuaries  and  harbors,  by  Walter  R.  Browne,  before  the  Inst.  Civ.  Engrs.    Endeavors 

to  show  when  embankments  or  jetties  limiting  the  tidal  basin  may  be  advantageous 

and  when  not.     Van  Nos.  Eng.  Mag. ,  September,  1S85. 
Riveted  Joints.     An  account  of  290  experiments  summarized  in  a  paper  before  the 

Inst,  of  Mech.  Engrs.,  England,  by  Prof.  A.  B.  W.  Kennedy.  The  conclusions  relate 

to  "joints  made  in  soft  steel  plates  with  steel  rivets,  the  holes  all  drilled  and  the 

plates  unannealed."    Tabular  proportions  and  formulas  given.    Engineering,  July 

3  and  10,  3885.     Also  Van.  Nos.  Eng.  Mag.,  July,  1885. 

.    Butt  Fastenings  in  Iron  Ships,    fi'ee  Iron  Ships. 

Koads.    Suggestions  for  the  Improvement  o/,  as  derived  from  experience  in  Western 

Ohio.     By  S.  A.  Buchanan.    Report  Ohio  Soc.  Surveyors,  1883.     See  Macadam,  also 

Gravel  Roads. 
Rollers,  Strength  of  Solid  Metallic  to  Resist  Crushing.     By  J.  B.  Johnson.    A  new 

formula  for  computing  the  strength,  with  demonstration.    Jour.  Assoc.  Eng.  Soc, 

Vol.  IV.,  p.  110. 
Rolling'  Mill.    Drawings  and  descriptions  of  a  new  geared  rolling  mill  with  balanced 

top  roll,  in  use  at  the  Ebbw  Vale  Steel  Works.    Engineering,  April  24,  1885. 
Rolling  Resistance.    Well  analyzed  by  Prof.  R.  H.  Smith   (commonly  called  rolling 

friction).     The  Engineer,  Blay  29,  1885. 
Roman  Building  Construction.     A  Prize  Essay,  Edinburgh  University.     Discusses 

principles  and  forms,  processes  and  methods,  materials  and  workmanship.      Van 

Nos.,  Eng.  Mag.,  September,  1885. 
Roofs,  Conical.    By  Thos.   Doane.    Description  of   such  roofs  over  tanks  92  feet  in 
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diameter,  witbout  interior  support.    Illustrated.     Jour.  Assoc.  Eng.  Soc,  Vol.  II., 

p.  73. 
.    Some  Celebrated  Timber  Eoofs      A  lecture  by  Prof.  T.  Rodger  Smith,  London, 

Illustrated.    Am.  Arch.,  June  6  and  13,  1885. 
Roof  Truss  of  the  Funk  pattern,  with   the  rod,   analyzed  graphically   by  using  thfr 

equilibrium  polygon  in  place  of  the  Maxwell  diagrams.    By  De  Volson  Wood,  in  Van 

Nostrand.  V.  XXXI.,  p.  177  (September,  1884). 

Dead  Weight  of  iron  roof-trusses.     By  Prof.  Landsberg.     Zeitschrift  fiXr  Banwe- 

sen.  1885,  pp.  105  and  245. 

S 

Sailing'  Chart.  For  readily  obtaining  the  great  circle  joining  any  two  points,  with  in- 
structions for  using.  The  course  is  a  circle  on  the  chart.  By  Richard  A.  Proctor. 
Illustrated.    Sc.  Am.  Suppl.,  Aug.  8,  1885. 

Sand  Pump  used  o?i  B.  d-  O.  R.  R.  Bridge  Foundntions  at  Havre  de  Grace,  Md.  Sec- 
tional view  and  method  of  operating,  together  with  a  full  description  of  the  sinking 
of  the  caissons.    Engineering  News,  April  18,  1885. 

Sanitary.  Scieiice  of  July  10,  1885,  is  called  a  "sanitary  number."  It  has  12  short 
papers  on  topics  connected  with  sanitary  studies. 

Condition  of  Coney  Island,  and  need  of  improvement.    A  special  investigation, 

by  Wm.  Paul  Gerhard.  An  exhaustive  investigation  by  a  competent  engineer, 
forming  a  series  of  articles  in  Eng.  News.,  beginning  Sept.  19,  1885. 

Matters  in  Isolated  Country  Houses.  By  E.  W.  Bowditch.  Some  practical  con- 
siderations of  value.     Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  135. 

Engineering,  Essay  on  importance  of,  with  examples.      By  J.  E.  Strawn.    Report 

Ohio  Soc^y  Surveyors,  1883.  A  continuation  of  same,  with  remarks  on  heating  and 
ventilation.  Report  of  1884. 

Ordinances.    A  model  schedule  of  provisions  proposed  by  Wm.  Paul  Gerhard. 

Engr.  News,  Sept.  26,  1885. 

Plumbing.    See  Flushing  ;  also.  Plumbing. 

Scale  of  variable  propiortions .  A  rubber  band  with  graduations  marked  on  it.  By  ex- 
tending the  same  the  whole  scale  is  extended  in  equal  proportional  amounts  in  all  its- 
parts.     Annales  des  Fonts  et  Chanssees,  1884-2-684. 

Scientific  Departments  of  the  Government,  being  extracts  from  the  Report  of  the 
Committee  of  the  National  Academy  on  the  subject,  with  the  testimony  of  Maj. 
Powell,  Director  of  the  U.  S.  Geol.  Surv.  Science,  Jan.  16,  1885.  See  also  Govern- 
ment Scientific  Work. 

Screw  Piles.    See  Found.ations. 

Screw  Propellers.  Illustration  and  description  of  a  new  method  of  fitting  with  screws, 
which  is  claimed  to  overcome  many  of  the  difficulties  of  twin  screw  propulsion. 
Engineer,  April  24,  1885. 

,  Efficiency  of ;   A  Description  of  a  Method  of  Investigation.    By  R.  E.  Fronde, 

M.  I.  N  A.  A  most  important  paper  on  this  subject,  describing  the  method  adopted 
in  the  model  screw  exppriments  at  Torquay  conducted  by  Mr.  Froude,  for  investi- 
gating (1)  the  efificifcncy  of  screws  working  by  themselves  in  undisturbed  water,  and 
(2)  the  manner  in  which  that  efficiency  is  affected  by  the  screw  being  brought  into 
conjunction  with  the  hull  of  a  ship.  With  discussion  by  Mr  W.  H.  White,  Sir 
Edward  Reed,  and  others.  Reprinted  from  Trans.  Inst.  Naval  Architects  hy  the 
Bureau  of  Navigation,  Navy  Dept.    Naval  Professional  Papers,  No.  3  6. 

.     See  Flow  of  Water. 

Sea  Water:  its  effect  on  iron  piles  as  found  at  the  Brandywine  Lighthouse,  Delaware 
Bay,  after  a  period  of  thirty-five  years.  Proceedings  of  Engineers'' Club  of  Phila- 
delphia, Yo\.  IV.,  No.  3. 

Secondai-y  Batteries,  The  Use  of  in  Telegrajyhy,  giving  estimate  of  relative  cost.  By 
W.  H.  Preece.     Elec.  Rev.,  Nov.  22,  1884. 

Service  Pipe  for  Water  Svpply.  By  W^  H.  Richards,  before  the  New  England  Water 
Works  Assoc.  Summarizes  arguments,  pro  and  con,  for  the  various  kinds  of  mate- 
rials. Trans.  New  Eng.  W.  W.  4ssoc.,  1884.  Albert  S .  Glover,  Secretary,  Newton , 
Mass. 

Sewage,  Contributions  to  Our  Knowledge  of.  By  Prof.  Wm.  Ripley  Nichols  and 
C.  R.  Allen.  An  analysis  of  17  samples  of  Boston  sewage.  Jour.  Fi-.  Inst.,  Aug. 
1885. 

Sewage  Disposal.      The  ABC  Process  at  Aylesbury,  Eng.      An   account  of  some 
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thorouKh  experiments  on  the  purification  of  very  foul  sewage  and  the  production  of 

salable  manure.     Eng.  Netos,  July  25,  and  Am.  Arch.,  July  11,  1885. 
.     The  ABC  P)-oces.s  Vindicated.     Antagonizes  the  report  of  the  Royal  Rivers 

Pollution  Commission  by  the  investisations  of  Profs.  Dewar  and  Tidy.    Jour,  of  Sc, 

London,  Aug.,  1885. 
.     The   Problem   at    Chicago.    The  questions  discussed  by  a  committee  of   the 

Citizens'  Association.    Remedies  suggested.     Abstract  in  Am.  Engr.,  Sept.  3, 1885. 

Also  printed  in  pamphlet  form  as  a  supplement  to  Sanitary  News. 
.    Refuse  Destructor.     Description  of  the  "bee  hive"  furnace  for  burning  refuse, 

in  operation  at  Richmond,  Eog.     Engr.  Neivs,  Aug.  29,  1885.     Also  description  of 

fnrnace  used  on  Governor's  Island,  N.  Y.  Harbor,  in  San   Engr.,  Aug.  13,  1885. 
af  Cleveland,  O.    Recommendations  of  the  City  Engr.,  involving  the  intercepting 

of  the  sewage  now  flowing  into  the  rivtr  and  carrying  it  by  gravity  flow  througn  a 

conduit  to  the  lake.    Rej).  of  the  City  Civil  Engr.,  1884,  Cleveland,  O. 
of  Paris.    A  note  m  regard  to  the  irrigation,   or  sewage,   farming,  now  in   use . 

Gives  some  definite  and  successful  results.    From  Am.  Arch,  in  Eng.  News,  June 

20,  1885. 
of  LoihfSon.    Review  of  final  report  of  the  royal  commission,  giving  a  careful 

abstract  of  the  arguments  and  conclusions.     The  document  itself  of  great  value 

Engineering  News,  April  18,  1S85. 
of  London.    Discussion  of  the  Report  of  the  Royal  Commission  on  the  disposal  of 


Bj  Capt.  Douglas  Galton,  C.  B.,  F.  R.  S.  Gives  an  historical  review  of  the  treat- 
ment of  the  question  and  reviews  the  late  Report  of  the  Commissio'i  on  the  fouling  of 
the  Thames  River.  Van  Nos.  Eng.  Mag.,  ApvU,  1885.  Also,  R6sume  of  Report  in 
Sanitary  Eng.,  March  26,  et  seq.,  1885. 
—  by  the  Sub-surface  Irrigation  System.  A  paper  before  the  New  Jersey  Sanitary 
Association.  By  Dr.  J.  W.  Parkham  ;  giving  testimony  of  37  engineers  on  the  sub. 
ject.    Am.  Arch,  and  Bid.  News,  April  25,  1885. 

Proposal  for  the  abolition  of  water-carriage  in  the  removal  of  effete  organic 


matter  from  towns.  ByDr.  Thos.  Hawksley,  London.  Describes  a  new  kind  of 
earth  closet  to  be  used  in  dwellings  on  any  floor.  Jour,  of  the  Soc.  of  Arts,  April  17, 
1885. 

Sewage,  Purification  of,  by  aeration  and  oxidation .  Shown  to  be  due  more  to  the 
action  of  living  organisms  than  to  chemical  action.  Jour,  of  Sc,  London,  Sept., 
1885. 

.  Purification  of, hy  the  waters  of  a  natm'al  chalybeate  springs  at  Buxton,  Eng- 
land. A  paper  before  the  Soc.  of  Arts,  London,  with  discussion.  Reprinted  in  Fan 
Nos.  Eng.  Mag..,  July,  1885. 

.    Purification  at  Frankfort--onthe-Main,  as  proposed  by  the  engineer,  W.  H. 

Lindley.    Translated  from  the  German  by  Wm,  Paul  Gerhard.    Illustrated  by  plan 
and  section  of  settling  basins,  etc.    Engineering  News,  Feb.  21,  18S5. 

.    See  also  Garbage. 

Sewagre  Pumping:  Plant  at  Boston.  By  E.  D.  Leavltt  A  paper  givmg  a  descrip 
tlon  of  the  high-duty  engines,  the  low-duty  stjrm  engines,  the  boilers  and  their 
appendages,  aud  the  foundations  and  pump  wells.  Fully  illustrated.  Jour.  Assoc. 
Eng.  Sor.,  Vol.  III.,  p.  37. 

Sewage  and  House  Drainage  in  St.  Louis.  By  Robert  Moore.  An  historical  and 
statistical  article,  giving  also  the  present  status  of  the  city.  Jour.  Assoc.  Eng.  Soc, 
Vol.  IV.,  p   139. 

.  The  Leeds  (England)  Works.  A  brief  account  of  the  experiment  and  its  re- 
sults, with  cost  of  a  year's  work.  Eng.  News,  March  7,  1885  ;  from  London  Sanitat-y 
World. 

.    Pawtucket,  R.  I.    Report  of  A.  R.  Sweit,  City  Engineer,  on  the  drainage  of  the 

town. 

.  Pott.sdam,  Germany,  Proposed  Scheme  for.  Separate  systems  for  house  drain- 
age and  excreta,  and  puritication  schemes  by  downward  filtration  and  oxidation. 
San.  Engr.,  April  2,  1885. 

Providence,  R.  I..  Proposed  for  ;   being  a  volume  of  116  pp.   and   many  plates 


and  cuts.    By  City  Engineer  Samuel  M.  Gray.     Printed  by  the  city.     Includes  the 
results  of  the  author's  investigation  in  Europe  on  the  subject  of  sewage  disposal, 
where  he  was  sent  by  the  City  of  Providence  in  1884. 
-,  Pullman,  IIL     By  Benezette  Williams.      Gives  a  careful  description  of  this  sys 
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tem,  which  is  the  first  example  of  sewage  farming  in  America.  Illustrated.  Jimr. 
Assoc.  Eiig.  Sor.y  Vol.  I.,  p.  311. 

.     Sec  also  Drainage. 

Sewers,  The  Se2'>arate  System,  a  general  description  of,  in  a  paper  b.v  Q.  S.  Pierson, 
before  the  Mich.  Eng.  Soc.     Am.  Engr.,A\ig;.  ]3,  1885. 

,  Sejnintte  versus  the  Combined  System,  as  exemplified  in  the  drainage  of  Hyde 

Park,  111.  By  Benezette  Williams.  A  description  of  the  system  proposed  for  Hyde 
Park,  with  map  (pumping  with  downward  filtration),  together  v^ith  a  review  of  the 
aiguments  pru  and  con  for  the  Separate  and  Combined  Systems.  A  valuable  paper. 
Jiinr.  Assoc.  Eiig.  Soc,  vol.  IV.,  p.  175. 

,  Kansas  City.    By  Robert  Moore.    Being  areview  of  a  paper  on  this  subject  by 

O.  Chanute.  Together  with  a  reply  by  Mr.  Chanute.  Subject  hmges  mainly  on  the 
relative  advantages  of  the  combined  and  separate  systems.  Jour.  Assoc.  Eng.  Soc, 
Vol.  HI.,  p.  67.    The  discussion  continued  on  pp.  157  and  183. 

of  a  Small  City.    Abstract  of  a  report  on  tiie  sewerage  of  Marlboro,  Mass.    By 

Ed.  S.  Philbric,  of  Boston.  Recommends  sewers  for  house  drainage  only  and  dis_ 
posal  by  downward  filtration.    Sanitary  Engr.,  Feb.  26,  1885. 

for  the  Lower  Thames  Valley.  A  review  of  the  questions  of  sewage  diposal  sub- 
mitted to  the  Thames  Valley  Drainage  Board,  appointed  eight  years  ago  and  now 
dissolved.     By  Henry  Robinson,  M.  I.  C.  E.    The  Engineer,  July  10,  1885. 

of  the  Wandle  Valley,  Surrey,  Eng.,  embi'acing  10,000  acres,  50  miles  of  sewers, 


separate  system .  Sewerage  pumped  and  disposed  of  by  natural  filtration  over  an 
area  of  28  acres.  A  full  account  of  the  construction,  which  has  been  recently  com- 
pleted, by  the  Resident  Engineer,  W.  S  Crimp,  A.  M.  I.  C.  E.  Proc.  Inst.  Civ. 
Engrs.,  1884,  Vol.  LXXXVI. 

.     Diagrams  for  facilitating  the  Calculation  of  Velocity  and  Discharge  of.    By  Wm. 

P.  Gerhard.    Jour.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  147. 

Som,e  New  Formulas.     By  R    F.Hartford.    Jour.   Assoc.  Engr.  Sacs.,  Vol.  iV ., 

p.  230. 

.     Gas,  Its  Effects  on  Iron  Pipe  shown,  by  cut,  in  Sanitary  News,  Chicago.  Jan.  1, 

1885.  The  pipe  in  use  eight  years  and  entirely  eaten  away;  did  not  come  in  contact 
with  liquids. 

,    Mill  Creek,  of  St.  Louis.    A  full  account  of  this  great  work,  with  profile,  plan 

and  cross  sections.  This  is  probably  the  largest  sewer  in  the  world,  when  cross-sec- 
tion and  length  are  considered.  By  William  Wise.  Jour.  Assoc  Engr.  Soc,  Vol. 
IV  ,  p.  263. 

•  Specifications.  Being  specifications  for  a  vitrified  stoneware  pipe  sewer,  pre- 
pared by  E.  Knichling,  Rochester,  N.  Y.  They  are  unusuaUy  .speoj'/jf  as  to  defects 
in  pipes  and  as  to  methods  of  laying.  They  evince  a  thorough  acquaintance  with 
the  subject.    Sanitary  Engr.,  July  30,  1885. 

Tables  for  determining  the  jiroper  size .     By  Robt.  Moore.     Based  on  Weisbach's 

formulas.  Gives  diameters  for  area  in  acres,  and  slope  given  for  rainfall  discharge 
of  1  inch  an  hour.    Jour.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  64. 

Washington,  D.  C.    Specifications  for  various  sizes  now  under  construction  in 

Washington,  including  one  20  feet  in  diameter,  with  cuts  showing  cross-sections  of 
all  sizes.    Report  of  Engr.  Dept..  District  of  Columbia,  1884. 

Sewer  Appurtenances.  Notes  of  discussion  of  Conn.  Assoc,  of  Civ.  Engrs.  and 
Surveyors,  January,  1885.  Contains  much  practical  information,  mostly  of  an 
elementary  character.     Eng.  News,  April  11,  1885. 

Shaft.  The  ?^,Q00  feet  vertical  shaft  on  the  Comstock  Lode,  described  and  compared 
with  other  deep  shafts.    Eng.  News,  Aug.  29,  1885. 

Shaftingr  for  Screio  Steamers.  Causes  of  breaking  of  shafts  and  suggestions  of  meth- 
od   by  which  liability  to  break  may  be  lessened     Engineer,  March  6,  1885. 

for  Steam  Wheel  Boats,     ^ce  Steamboat  Shafts. 

Shafts.  Strength  of  crank  shafting.  A  comparison  of  iron  and  steel  shafts  as  regards 
liability  to  fracture  after  a  crack  has  started      ..4/)!.  Engr.,  March  20,  1885. 

Sh&ft  Sirikins  through  Lorjse  Waterbearing  Materials.  A  new  method.  By  J.  E. 
Mill',  Quincy.  Cal.  A  paper  read  before  the  Am.  Inst.  Mining  Engrs,,  and  repub- 
lished in  The  Engineer, Feh.  6.  1885:  many  cuts;  also  in  Van  Nos.  Eng.  Mag., 
March,  188.5. 

Ship  Canal  to  connect  Chesapeak- and  Delaware   Bays.    Surveys,  borings,  estimates, 
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comparison  of  routes,  specifications,  etc.    Rep.  Chf.  of  Engrs.  U.  S.  A  ,  1883.    Vol. 
I.,  p.  72.5. 

across  the  Isthnjus  of  Corinth.    A  paper  read  before  the  Vandors  Society  of  Engrs.. 

and  Archts.,  giving  the  history  of  the  enterprise,   the   methods  of  excavation  em- 
ployed, the  cross-sections,  etc  ;  with  many  cuts.    Am.  Engr.  of  Nov.  28,  1884. 

Ship-Railway.  The  Tehwi  ii  tvpcc  of  Capt.  Eads,  fully  described  and  illustrated  hy  cuts 
of  models.    Engineering,  Jan.  9  and  23,  1885. 

.The  Tehuantepec.    ByE.  L.  Coithell.   An  address  before  the  Franklin  Inst.,  Dae, 

1884.  Issued  as  a  separate  pamphlet  of  32  pp.  by  the  author,  as  printed  in  the  Jour. 
Frank.  Inst,  for  June,  1885  The  various  engineering,  economical  and  commercial 
problems  carefully  considered.  Many  illustrations,  showing  working  of  plant.  Also, 
further,  an  address  by  E.  L  Corthell  before  the  Am.  Assoc,  for  Adv.  Sc.  Issued  in. 
pamphlet  form,  with  six  large  plates.  A  valuable  and  authoritative  presentation  of 
(he  problem      Address  the  author,  care  Am  Soc.  C.  E.,  127  E.  23  1  St.,  New  York. 

Shoring-  of  Buildings.  A  lecture  by  Th.  Blashill,  London.  Illustrated.  Sc  Am. 
Sttppl.,  April  25,  1885. 

Shore  Protection  on  Exposed  Sandy  Coasts.  Being  notes  on  the  protection  of  the 
Pointe  de  Grave,  France:  with  many  colored  engravings,  showing  nature  of  methods 
used.    A  pamphlet  of  10  pp.,  issued  by  the  Engr.  Dapt.,  U.  S.  A. 

Signal.  Automatic  R.  R.  Signal,  system  Aubine.  Block-signal,  for  use  at  yard  limits 
and  at  entrance  to  stations.    Ann.  des  P.  rf-  C,  Nov. ,  1884. 

.     R.  R.  Signals,  Treati.'^e  on.    Second  edition,   1884  [first  edition  in   1868].      By 

Brame  &  Aguillon.    Standaid  French  work.    One  vol.,  8vo,  43  plates  in  atlas.  Price 
30  franc*. 

See  Geodetic  Night  Signals. 


Siemens  Gas  Lamp,  on  the  principle  of  the  Siemens  Furnace,  as  exhibited  at  the- 
Electrical  Exhibition,  with  cuts.  Lamps  burn  from  12  to  100  ft.  per  hour,  and  pro- 
duce from  125  to  1,200  candle-power.    Am.  G(t,^  Light  Journnl,  Nov.  3,  1884. 

Sliding  Friction,  Theory  of.  By  R.  H.  Thurston.  A  paper  read  before  the  Am. 
Soc.  of  Mech.  Engrs.  A  valuable  paper  on  this  subject,  giving  the  intensity  of  pies- 
sure  on  journals,  work  lost  in  friction,  etc  Van  Nos  Engr.  Mag.,  Dec,  1884,  and 
The  Engineer,  Nov.  21,  1884. 

Snow  Shovel,  Rotary  Steam,  tor  clearing  railways,  with  cut  showing  it  in  use.  The 
RailriKtd  Gazette,  April  24,  1885,  and  Railwau  Review,  April  25,  1885. 

Softening  of  Water.  By  Baldwin  Latham.  Various  methods  now  employed,  includ- 
ing Clark's  process    -Van  No.'itrand,  Vol.  XXXI.,  p.  311  (Oct.,  1884).  .Veealso  Water. 

Speed  on  Railroads.  An  account  of  the  fastest  rim  ever  mafle.  being  on  the  New  York 
&  West  Shore  road,  from  Buffalo  to  Weehawken  (New  York).  July  9, 1885.  Described 
in  R.  R.  Gazette.  July  17  and  Aug.  28,  1885.  The  run  fully  analyzed  in  latter  number, 
with  speed  plotted  and  tabulated. 

Speed  Trials,  Progressive.  On  Mr.  Mansel's  and  Mr  Frcude's  methods  of  analyzing  the 
results  of  prog:ressive  speed  trials.  Trans  In.st.  of  Engrs.  and  Shipbuilders  in  Scot, 
land,  Feb.  24,  1885. 

Springs,    .s'ee  Steel,  Kesilience  of 

Spontaneous  Combustion  /;i  Collieries,  giving  the  Causes  of  such  Action  as  found  in 
the  Collieries  of  France.     Van    Nos.  Eng.  Mag.,  November,  1884. 

Sprinklers,  Automatic  An  account  of  some  elaborate  experiments  upon  the  eflfl- 
ciency  of  such  fire  prevention  devices,  by  C.  J.  H.  Woodbury,  Boston.  Engineering, 
Jan.  2  and  16,  1885. 

Stable  Construction.  Discusses  the  arrangements  of  stables  from  a  sanitary  stand- 
point, by  A.  W.  Wright,  Chicago.     Jour.  Assoc.  Eng.  Soc,  Vol.  III.,  p.  309. 

Stables,  The  Ventilation  of.  By  A.  W.  Wright.  An  attempt  to  determine  the 
amount  of  fresh  air  to  be  supplied  to  a  horse.  Jour.  Assoc.  Eng.  Soc  ,  Vol.  IV.,  p. 
193. 

Stadia  Reduction  Tables.  By  Arthur  Winslow.  Corrections  for  horizontal  distances 
and  elevations,  for  vertical  angles  increasing  by  2'  up  to  30°.  Proc.  Eng.  Club  of 
Phila.,  Vol.  IV.,  No.  4.    Also  Van.  Nos.  Eng  Mag.,  April,  1884. 

.     .See  Topographical  Surveying. 

St&nd&rda  of  Length  and  their  Subdivisions.  By  Geo.  M.  Bond.  Engineer,  Feb.  20^ 
1885,  et  seq. 

of    Measvre       Short    paper.      By  T.    C.    Mendenhall.      Report    Ohio    Society. 

Surveyors,  1884 
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Steamboat  Shafts,  for  Stcni-Wherl  Sti'ainers.  A  discussion  of  the  method  of  sup- 
porting, I  he  forces  acting  upon,  and  the  materials  used  in  the  construction  of  shafts. 
Also  a  table  giving  data  regarding  the  shafts  of  twenty  three  different  steamers.  By 
H.  W  Baker.     Join-.  J.s.s-oc.  £»(/.  Soc,  May,  1885. 

Steam  Boilers,  their  construction,  setting,  and  management.  By  L.  C.  Burwell,  with 
discussion      Tr.  Engrs.  Soc.  West  Penn.,  Pittsburgh,  1884. 

as  Magazines  of  Explosive  Energy.    A  paper  read  before  the  Am.  Soc.  of  Mech. 

Engrs  Stored  energy  computed,  the  explosive  energy  determined  for  various  pat- 
terns of  boilers,  with  conclusions  as  to  the  best  types.  By  Robt.  H.  Thurston,  in 
Jour  Fr.  Inst  ,  Dec,  1884. 

.for  Warming  Dwelling  Houses.    A  paper  before  the  Am.  Soc.  Mech.  Engrs.      By 

J.  W.  Anderson.  Illustrated.  Gives  general  requirements  and  Illustrates  the  design 
and  workings  of  a  new  form.    Am.  Engr.,  June  5, 18t5. 

.     .See  also  Boilers. 

Steam  Distribution.    See  Distribution,  and  District  Steam  Supply. 

,  Hoto  to  Measure  the  Efficiency  of.    Sci.  Am.  Sup.,  March  14, 1885. 

.  Economy  in  the  use  of  high-pressure  steam.   By  \Vm.  B.  Le  Van.    Jour.  Franklin 

In.ititute.  May,  1885. 

Steam  Engine.  The  effect  of  cushioning  and  deduction  of  formulas  for  determining 
the  work  done  by  a  given  volume  of  sceam.  Tables  are  given  for  finding  conditions 
of  maximum  efficiency.    By  George  L.  Morton.     Van  Nos.  Eng.  Mag.,  June,  1885. 

.  TraDS'.atioQ  of  M.  Keller  s  Report  upon  M.  Hallauer's  Memoir  on  the  Expan- 
sions and  efficiencies  of  shiiple  and  compound  engines.  Jour.  Assoc.  Eng .  Socs., 
Vol.  I,  p.  18. 

.    Translation  of  M.  Hallauer's  experimental  study  of  the  influence  of  expansion 

in  simple  and  compound  engines.  Jour.  Assoc.  Eng.  Socs.,  Vol.  I.,  pp  298,  329,  345, 
386,  and  Vol.  II..  pp.  81  and  209. 

.     A  contribution  to  its  history.    Am.  Engr.,  March  13,  1885. 

.Single-acting.    An  historical  and  descriptive  article.   By  J.  Richards.    Mechanics, 

May,  1885. 
-,  Development  of  the  Theory  of.    By  R.  H.  Thurston.      A  paper  read  before  the 


British  Assoc,  at  Montreal,  being  an  historical  outline  sketch.    Iron,  Nov.  21.  1884. 

Steam,  The  Generation  of,  and  the  Thermodynamic  Problems  involved.    See  Heat. 

Steam-Hammer.  The  Creusot  lOO-^ow  hammer,  with  other  cuts  from  the  Creusot 
Steel  Works.    Sc.  Am.  SujjjA.,  May  9,  1885. 

Steam.  Heating:,  by  Prof.  C.  A.  Smith.  Discusses  the  Theory;  Various  Systems  iu  use 
In  the  U.  S.;  Experiments  made  by  the  author;  and  a  project  of  heating  a  cotton 
mill  by  steam.    Jour.  A.'isc.  Eng.  Socs.,  Vol.  I.,  p.  369. 

.    Method  employed  In  Manhattan  Co.'s  Bank  Building,   New  York,  being  the 

"  graduated  "  system,  with  cut.     Sanitary  Engr.,  Feb.  12  and  19,  1885. 

.    By  E.  D.  Meier.    Describes  the  plant  designed  and  used  for  the  heating  of  the 

St.  Louis  Armory  Building.    Jour.  Assc.  Eng.  Socs.,  Vol.  II.,  p.  128. 

.    .See  also  Distribution,  and  District. 

Steam  Jacketing.  A  description  of  the  theory  and  use  of  the  steam  jacket,  by  H.  S. 
Greene.    Jour.  Frank.  List  ,  September,  1885. 

SteSiiash.ips,  Advantages  of  lHcrea.^ed  Proportion  of  Beam  to  Length  i)i.  By  J.  H. 
Bi'es,  M  I.  N.  I.  A  paper  giving  some  of  the  advantages  actually  obtained  by  adopt- 
ing increased  proportions  of  beam  to  length  in  some  steamers  built  by  the  firm  of 
J.  &G.  Thompson,  of  Glasgow;  with  discussion.  Reprinted  from  Trans.  Inst.  N(tval 
Architects  by  the  Bureau  of  Navigation,  Navy  Department.  Naval  Professional 
Papers,  No.  16. 

,  Modern  Merchant.    By  James  Dunn,  M.  I    N.  A.      A  paper  giving  an  account  of 

the  recent  improvements  in  merchant  steamers,  read  before  the  Institution  of  Naval 
Architects.  Reprinted  by  the  Bureau  of  Navigation.  Navy  Department.  Naval  Pro- 
fessional I'apers,  No.  15 

.    A  mechanical  method  of  measuring  a  vessel's  stability.     Read  before  Inst.  N 

A.,  by  John  H.  Heck      Engineering,  April  10,  1885. 

Steam  Trap.    Description  of  a  new  invention.     Manf.  and  Builder,  March  13,  1885. 

.Steel.  A  Bessemer  Converting  House  yiMhouX  a,  ca.stins'pit.  By  L.  G.  Laureau.  Iron. 
Age,  March  19,  1885,  and  Eng.  and  Min.  Jour.,  April  4,  1885. 

.    A  newly  described  variatioa  of  the  Bessemer  process   that  is  used  in  Sweden. 

7)071  Age,  April  2,  1885. 
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Steel.  Final  report  on  experiments  bearing  on  the  question  as  to  the  state  in  which 
carbon  exists  in  steel.    Read  before  Inst.  Mech.  Engrs.    Engineering.  Feb.  20,  1885. 

Castings.    A  paper  read  at  the  Chattano.^ga  Meeting  of  the  Mining  Engineers, 

by  Wm .  Hainswonh.  Gives  the  difficulties  and  how  they  may  be  overcome  in  prac- 
tice. The  author  speaks  from  personal  knowledge.  Illustrated.  Tlie  Iron  Age,  Oct. 
1,  1885. 

Steel.  The  New  Clapp  and  Griffiths  Process.  A  paper  before  the  Am.  Inst.  Min.  Engrs., 
February,  1885;  describes  a  process  that  is  already  supplanting  the  Bessemer 
methods,  and  which  is  likely  to  revolutionize  the  iron  and  steel  industries.  Trans. 
Am  Inst.  Min.  Emjrs.,  Vol.  XIII  ;  Am.  Engr.,  April  10,  1885;  Iron  Age,  March  12, 
1885. 

■ .  Description  of  the  new  Clapp  Griffiths  steel  plant  in  Pittsburgh.  Iron  Age,  March 

12,  1885. 

,  Cracks  and  Annealing  of.    By  A.  C.  Kirk,  M.  I.  N.  A.    A  paper  in  which  the 

writer  holds  that  cracks  in  steel  plates  are  due  to  lines  of  weakness  possessed  by  the 
seel  from  the  ingot  state,  not  to  be  cured  by  annealing;  with  account  of  experiments 
and  a  valuable  discussion.  Reprinted  from  Trans.  Inst.  Naval  Architects,  by 
the  Bureau  of  Mavigation,  Navy  Dept.     Naval  Professional  Papers,  No.  14. 

.  Gordon  Ccjnverter.     Illustration  and  description  of.    Am.  Engr.,  May  22,  1885. 

.     Gun  Factories  in  the  U.  S..  being  the  report  of  the  Board  appointed  to  visit  the 


factories  of  <■  urope  and  report  on  the  feasibility  of  the  establishing  of  such  factories 

in  this  country.    Report  makes  Vol.  X.  of  the  U.  S.  Naval  Inst.     Written    by  Lieut. 

W.  H.  Jaques.    Valuable. 
— .    Methods  and  Mannfacture.    By  Thomas  W  Fitch.    Describes  tbe  Bessemer  and 

Basic  Processes,  as  employed  at  various  Americajj  works.    Jour.  Assoc.  Eng.  Sac, 

Vol.  I.,  p.  406,  and  Vol.  II.,  p.  14. 
— ,  Metallurgy  of.    A  lecture  by  Pedro  G.  Salom.    Describes  the  various  processes 

of  manufacture,   cost,   nature  of  product,  etc.     Illustraied.    Jour.  Frank.  Inst.f 

September,  1885. 
— ,  Mild,  Applied  to  Naval   and  Military  Purposes.     A  valuable  paper,  by  Major 

G.  Mackinlay,  R.  A.,  before  the  Royal  Service  Institution.    Fully  illustrated.    Re- 
printed in  Sc.  American  Suppl.,  Sept.  5,  1885. 
— .    Punching  Holes  in  Soft  Steel,  Influence  of.    Translated  from  the  Russian  for 

Theodore  Cooper  and  printed  in  Eng.  Neivs,  Dec.  13,  1884.    The  experiments  were 

numerous  and  valuable.    The  article  illustrated  by  many  cuts. 
—    Rails,  Physical  and  Chemical  Tests  of.    Thirty  samples  of  Bessemer  steel  made 

at  the  Kdgar  Thomson  Works.    Iron  Age,  Oct.  1,  1885. 
— ,  Resilience  of.    By  Wilfred  Lewis.    Some  experiments  toward  determining  the 

value  of  steel  springs  for  storing  power.    Proc.  Eng.  Club  of  Philadelphia,  Vol.  IV., 

No.  4. 
-,  Strength  and  Elasticity  of  Structural.    By  James  Christy.   An  account  of  some 


elaborate  and  careful  experiments  at  the  Pencoyd  Iron  Works,  with  tabulated  and 
plotted  results  on  beams  and  long  columns.  Tr.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIII.,  p. 
253.    A  discussion  of  the  above  in  same  volume,  p.  267. 

,  Structural.    Being  a  summary  of  results  of  an  elaborate  investigation   into  the 

relative  merits  of  different  kinds  of  steel  for  structural  purposes.  By  Edw.  B.  Dor- 
sey,  with  discussion.     Tr.  Am.  Soc.  Civ.  Engrs..  Vol.  XIII.,  p.  41. 

,  Structuird.    By  Edward  B.  Dorsey.    A  supplementary  paper,  giving  results  of 

two  recent  trips  to  Europe.  Contains  the  steel  specifications  for  the  Forth  Bridge, 
notes  on  steel  castings,  etc.     Trans.  Am.  Soc.  Civ.  Engrs  ,  Vol.  XIV..  p.  197. 

.     Tempering  steel  by  compression.     Ai-itracts  of  Papers.  1885. 

.     Tool  Jteels.    Report  on  the  Quality  of.     By  the  U  S.  Testing   Board.    Abridged 

in  the  Am.  Engr.  of  Jan.  2  and  9,  1885.  This  abstract  is  very  full,  and  gives  tables 
and  diagrams.  The  report  is  valuable,  as  it  shows  what  are  the  characteristics  of 
steels  best  adapted  to  various  purposes. 

Tests  for  Ship  and.  Boiler  Plates,  Physical  and  Chemical,  with  discussions.       By 

P.  G.  Salom.  Trans.  Am.  Inst.  Min.  Engrs.,  Vols.  XII.  and  XIII. ;  also  in  Iron,  Nov. 
11,  1884. 

Wh  itu-orth  Process,  Casting  under  pressure  by.  By  T.  Egleston.  To  produce  a  su- 
perior quahty  by  using  a  pressure  of  six  tons  to  the  square  inch  on  the  fluid  ingot. 
School  i,f  Mini't^  Omni, 'Hi/.  No.  3,  Vol.  VI. ;  also  Iron  Age,  May  7,  1885. 

.     Effects  of  alternate  hea'ing  and  cooling.     See  Iron. 
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Steel.     Further  src  Burning  :  alxo  Crucible. 

Steps,  Length  of,  from  2.5G  experiments  in  Germany.    Diagram   of  frequency  given. 

Eiiiir.  News.  July  23,  1885. 
Stones,  BuildiiKj  and  Ornamental,  in  the  United  States.     By  George  P.  Merrill,  in  Pop. 

Sc.  Monthly  for  Augu-t,  1885. 

.     See  also  Paving  Stones. 

Stone  Masonry,  Pcocf^s.s  for  Cleaiiiny.     From  the   French.    Engr.  Neun,  Sept.  26, 

18S5. 

Stoi'agre  Batteries.  By  Oliver  J.  Lodge.  Electrician  and  Electrical  Engineer,  Jan., 
1885.  from  Nature. 

By  E.  Raynier.     J< .  Y.  Electrician.  March.  1S83. 

Storage  Reservoirs.  The  Fouling  of  Water  in  Deep  Storage  Reservoirs.  Causes  and 
remedy.    Eng.  News.  March  14,  1885. 

Strain  Diagrams.  The  proper  nomenclatu"e  to  use  in  describing  their  various  por- 
tions.   A  discussion  in  The  Engineer.  Mav  22  and  29,  1885. 

Street  Cleaning  in  New  York.  A  description  of  the  work,  which  is  under  a  special 
commissioner,  costiug  over  a  million  a  year.    Sanitary  Engineer,  May  28,  1885. 

Street  Pavements.  Abstract  of  a  report  by  Capt.  F.  V.  Greene,  U.  S.  E.,  on  the  result 
of  his  recent  examinations  abroad,  where  he  went  specially  to  study  this  subject. 
Eng.  News,  Sept  19,  1885. 

(Stone  and  Wood),  macadam,  asphalt,  horse  ER.  tracks,  .street  cleaning     Report 

of  a  journey  of  inspection,  by  one  of  the  engineers  of  the  city  of  Paris,  made  to 
London,  Liverpool,  Edinburgh  and  Glasgow.  Annales  des  Pouts  et  Chaussees, 
March,  1885. 

Asphalt,  in  Berlin.      By  L°on  Malo.      Eighteen  pp.     Memoires  de  la  Societedes 

Ingenienrs  Civils,  February,  1885 

Cleveland,  His  ory  of  those  of.   By  M.  E.  Rawson.  Jour.  As.'ioc.  Eng.  Soc,  Vol.  III., 


p.  "98. 

Kan.sas  City,  The  Experience  of.    Description  of  an  efSc'ent  kiud  of  cedar  block 

pavement  on  concrete  base,  with  blocks  covered  with  asphalt.  Sc.  Amer.  Sv2:>pl., 
Feb.  14,  1865;  also  Engineering  Neivs,  Dec.  13,  i885 

,  Philadelphia.    Report  of  Board  of  Experts  (Q.  H.  Gilmore,  F.  V.  Green  and  E.  P. 

North)  on  repaving  the  streets  of  Philadelphia,  with  recommendations  a'^  to  kinds 
of  pavement  to  be  used  Jour.  Fr.  Inst  ,  CXVIII.,  p  210  (Sept  ,  1884),  and  in  other 
current  publications. 

,  St.  Louis.  By  Thos.  H.  Mackland.  Treated  historically,  givmg  benefit  of  ex- 
perience in  macadam,  wooden  block,  Telford,  granite,  asphaltum,  etc  Jour.  A  ssoc. 
Eng.  Soc  ,  Yd.  V..  p.  223. 

,    Treatment  of  Wood  for.     By  T.  J.  Caldwell  and  T.   D.    Miller.      Gives  experi. 

ence  of  St  Louis  with  the  tannin  and  zinc-gypsmn  processes.  Jour.  Assoc.  Eng. 
Soc,  Vol.  IV  .p  232. 

.    See  also  Pavements   and  Wooden  Pavements. 

Street  Railways,  Construction  of .  By  W.  Wharton,  Jr.  A  consideration  of  the  de- 
tails of  construction,  with  plates  of  rail  sections.  Proc.  Eng.  Club  of  Phila.,  May, 
1885. 

.     See  also  Cable  Propulsion. 

Street  Railroad  Joints.  By  A.  W.  Wright.  Illustrated.  Jour.  As.soc.  Eng.  Soc,  Vol. 
III.,  p.  264. 

Strength  of  Materials.  Notes  on  the  strength  of  wrought-iron  columns.  By  C.  E. 
Moore.     Am.  Engineer.  April  17,  1885. 

,  Some  #es#s  on.  at  the  laboratoi-y  of  the  Univ.  of  Minn  Gives  tension,  compres- 
sion, ahd  transverse  tests  of  white  pine  and  of  brick  and  stone  in  compression  and 
cross  breaking.     By  Prof.  Wm.  A.  Pik''.    Jour.  Assoc.  Eng.  Soc  ,  Vol.  IV.,  p.  363. 

under  Repeated  Stress.    The  derivation  of    new  formulas  from  the  experiments 

of  Wohler  and  Spangenburg,  by  Prof.  Merrim  in.  Van.  Nos.  Eng.  Mag.,  Feb., 
1885. 

.    Further  see  Compression  Members. 

Stresses  in  Single  Intersection  Trusses.  Positions  of  live  load,  giving  miximum- 
values,  analytically  determined,  and  tables  computed.  By  Wm.  Cain.  Van  Nos. 
Eng.  Mag  .  March.  1885. 

Structural  Designing,  Some  Conditions  Affecting.     By  Wm.  H.  Burr.     FromlRers 
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Soc.  Papers.    Discusses  many  of  the  present  unsolved  difficulties  in  the  way  of 

rational  designing  of  engineering  structures.     Vcni.  Nos.  Eny.  May.,  May,  1885. 
Structures.     .Sec  Inspection. 
Suakim-Berber  iJ«/?/(jod,  Africa.    An   account  of  a  lecmnoissance  of  the  line  in 

1875.    By  H.  G.  Prout,  of  the  Egyptian  Army,  with  a  plan  and  profile  of  the  line, 

and  other  valuable  data.    Engineering  News,  March  7,  ]885. 
Subaqueous  Work.    Repairing  Submerged  Water  Pipe.     By.  J.  J.    de  Kinder.     A 

brief  description,  with  drawings,  of  coffer  dam,  etc.,  used  in  repairing  a  main  across 

the  Schuylkill.    Proc.  Eng .  Club  of  Phila.,  V.  IV.,  No.  4. 
Submerg-ed  Weir,   The  Problem  of.    By  Clemens  Herschel.    A  curve  derived  from 

previous  experiments,  from  which  a  table  is  made.    No  formula  computed.    Trans. 

Am.   Soc.  Civ.  Engrs  ,  Vol.  XIV.,  p.  189. 
Sun,  Physical  Constitution  of.    A  lecture  by  Prof.  C.  A.  Young,  giving  the  results  of 

the  latest  investigations.    Jour.  Frank    J/i. sf.,  March,  1885. 
Suspension    Bridge  at  Pittsburgh,   Repairing  the   Cables  of.      By  F.  Collingwood, 

M.  I.  C.  E     A  detailed  account  of  the  cause  and  extent  of  the  rusting  of  the   wires, 

and   the  methods  adopted  to  repair   tbem.      Prof.   Inst.   Civ.   Engrs.,  lt^84.    Vol. 

LXXXVI. 
Survey  of  tne  Great  Lakes.  A  description  of  the  methods  and  work  of  the  U.  S.  Lake 

Survey.     By  Prof.  John  Eisenmaon.  Jonr.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  360. 
Surveying-.    Notes  on    tlie   Co-ordinate  System.    By  Wm.  E.  McClmtock.      Contains 

much  practical  matter,  and  useful  tables.     Jour.  Assoc.  Eng.  Soc,  Vol.  I.,  p.  290. 
,  Land  Report  of  Committee  oo,  with  questions,  answers,  and  problems,    etc. 

Report  Ohio  Soc  Surveyors,  1885. 

,  The  Solar  Compass  in.     By  George  R.  Gyger.    Same. 

.     The  Surveyor  and  His  Field  Notes.     A  short  but  interesting  paper  describing 

m>dern  practice  ill  valuable  land,     tiy  Joho  L.  CuUey.    Same. 

.     Descriptions  in  Deeds.    An  Account  of.    Same. 

.     ComyrioH  Imperfections.     By  R.  S.  Weitzell.    Same. 

.    Paper  by  J.  D.  Varney.    Report  Ohio  Soc.  Surveyors,  I88i. 

.     Establishment  of  Old  Lot  Lines  and  Adjusting  Discrepancies.    ByS.    Widet 

Hoag,  Jr.    Illustrated.    Engr.  News,  May  9  anu  16.  1885. 

Transit  Work  in  R.  R.  Surveying.     By  T.  Apple'uu.    Gives  many  practical  sug- 


gestions for  field  location   survevs.     Jour.  Assoc.  Eng.  Soc.,  Vol.  11  ,  p.  147. 

.    .sVe  also  Field  Notes,  Plane  Table,  Topographical,  and  Transit  Instrument. 

Surveyors,  County.  History  of  the  office  of  County  Surveyor  in  Ohio.  By  R.  S.  Paul. 
A  full  account  of  legislation  relating  to  the  office.  Report  Ohio  Soc.  Surveyors, 
1883. 

.    By  H.  D.  Bartholomew.    A  short  account  of  tkeir  legal  status  in  Michigan  and 

other  States.     Report  Mich.  Assoc.  Surveyors.  1881. 

,  Judicial  Functions  of.    By  Judge  T.   M.   Cooley.      A    valuable  and  interesiing 

paper  relating  to  the  legal  principles  to  be  followed  in  establishing  and  identifymg 
land  lines.    Report  Mich.  A.^isoc.  Surveyors,  1881.     Also  reprinted  in  Report,  1883. 
-,  Licensed.     Propositions  to  require  examination  and  license  of  persons  desinng 


to  practice  land  surveymg.    See  Reports  various  State  societies  Ohio,  Michigan,  etc. 

,  Names  of,  in  Ohio.     See  Reports  Ohio  Soc.  Surveyors,  1882  and  1883. 

Surveys.  A  Neiv  Method  of  Making  Running  Surveys,  by  usiUiT  a  plane  table  on  ship- 
board, running  at  a  uniform  rate,  thus  getting  distances  on  a  base  line.  By  J.  H. 
Fillmore,  U.  S.  Navy.    Proc.  U.  S.  Naval  Inst.,  Annapolis,  Md.,  Vol.  XI. 

.     See  also  Land,  Geological,  Railroad,  and  Topogi-aphical. 

T 

Tanks  o  Necessity  for  Supplying  Water-Closets  and  Hot-Water  Boilers  in  Houses.  A 
paper  before  the  New  Eng.  Water- vv  orks  Association .  Illustrated.  San.  Engr., 
July  9,  1885. 

Tar  and  Ammonia  fro7u  Blast  Furnaces.  Demster's  apparatus  for  recovering  these 
products  described  and  illustrated.    Iron,  Sept.  18,  1885. 

Technical  Education,  with  reference  to  the  Apprenticeship  Sy-'item.  \  paper  by 
Htnry  Cunynghame  before  the  Society  of  Arts,  London,  with  discussion.  A  very 
valuiible  review  of  the  present  anomilous  condition  of  things,  whereby  the  middle 
ground  between  puie  theory  and  pure  practice  is  mostly  neglected  in  England  and 
America.     7/<>/i.  July  17,  1885;  aiso  Van  Nos.  Eng.  M<a/.    Aug.,  IbS.'). 

Tehuantepec  Ship  Railway.    A  pamphlet  of  len  pa^es,  reprinted  from  London 
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Tinii'x  of  Aug.  '.^1,  1884,  being  a  full  description  of  the  scheme.    Apply  to  Capt.  Jas. 
B.  Eads.  34  Nassau  street.  New  York.     S<-e  Ship  Railway. 

Telegraphy,  On  the  Kciv  System  oi',  to  (t ml  from  Moving  Trains.  By  P.  H  Van  der 
NVeyde.     A  lectur*'  before  the  Frank.  Inst.    Jour.  Frank.  Inst.,  Sept   1885. 

Opiiral.     See  Optical  Telegraphy. 

Telegraphy,  Synchronous  Multiplex.  Being  an  account  of  the  operation  of  a  line 
between  Boston  and  Providence,  capable  of  simultaneous  use  of  seventy-tivo  distinct 
circuits  over  one  wire  ;  or  into  six  slow  or  twelv-i  fast  Morse  circuits  ;  or  into  thir- 
ty six  or  seventy-two  printing  circuits.  Illustrated.  By  Prof.  Edwin  J.  Houston. 
Jour.  Fr.  Inst.,  Vol.  CXVIIL,  p    IGl  (Sept.,  1884). 

Telemetrograph:  a  combination  of  telescope  and  c  imera  lucida,  enabling  the  observer 
to  draw  to  scale  any  distant  view  as  seen  through  the  telescope.  Instrument  illus- 
tratetl  and  views  taken  in  siege  of  Paris  given.     Sc.  Am.  Suppl.,  Aug.  1,  188o. 

Telephonic  Researches  of  Uotbear.   By  E.  J.  Houston.   Electrician  (N.  Y.),  Feb.,  1885. 

Telescopes  :  Proijress  Made  in  those  for  Astronomical  Use  By  W.  R.  Warner.  His- 
torical and  statistical,  together  witti  a  discussion  of  the  natural  limitations  imposed 
and  the  present  stale  of  the  science.  Illustrated.  Journal  Assoc.  Eny.  Soc,  Vol. 
IV.,  p.  153. 

Telpherage.  An  illustrated  account  of  Prof.  Fleem'ng  Jenkin's  telpherage  system,  or 
transportation  on  suspended  Hues,  uy  means  of  electricity.  Mechanics,  New  York, 
September,  1884. 

,  Roman  .    By  Prof.  Fleeming  Jenkin,  London.  A  n  illustrated  paper  describing  the 

method  of  transportation  of  goods  b^  cars  moved  by  electricity,  the  cars  being  sus- 
pended from  wires.     Van  Nos.  Eng.  Mag.,  May,  1885. 

Temperature  ofWater,  o  f  Various  Depths,  in  Reservoirs,  Lakes  and  Oceans.  By 
Hamilton  Smith,  Jr.,  with  discussion.     Tr.  Am.  Soc.  Civ.  Engrs  ,  Vol.  XIII.,  p.  73. 

Terminal  Facilities.  By  Gratz  Mordecai.  Papers  on  the  Port  of  New  Y'ork.  Rail- 
road Gazette,  Sept.  4  and  Oct.  16,  1885. 

Testing  Materials,  Apparatus  used  iu,  for  determining  changes  in  length  with  accu- 
racy. A  paper  oefurr;  the  Am.  Soc.  of  Mech.  Eigrs.,  by  Gus.  C.  Henning.  Illus- 
trated.    Am.  Engr.,  June  12,  19  and  26,  1885. 

Test  Pieces,  the  i  roper  form  of.  By  William  Hackney,  A.  M.  I.  C.  E.;  with  discus- 
sion. A  very  exhaustive  treatment  of  the  subject,  covering  90  pp  ,  including  a  dis- 
cussion by  the  best  engineers  and  experimenters  of  England.  Inst.  Civ.  Engrs., 
Vol.  LXXV^I.,  p.  70. 

Tests  of  Wooden  Beams  to  Show  Effects  of  Notchi  ig.     See  Appliances. 

Thermodynamics,  The  General  Theory  of.  By  Prof.  Osborne  Reynolds.  A  lecture 
before  tbe  Inst.  Civ.  Engrs.,  London.  Gives  a  very  lucid  exposition  of  the  subject 
in  its  relations  to  the  steam  engine.  Reprinted  in  Van.  Nos.  Eng.  Mag.  for  JunCi 
1885. 

.  Abstract  of  paper  by  J.  Macfarlane  Gray.    From  considerations  connected  with 

the  specific  heats  of  liquids  and  gases,  the  writer  concludes  that  the  second  law  of 
thermodynamics  is  not  true.     Engineering,  March  6,  18«5. 

.    A  popular  paper  on  the  general  theory  of  thermodynamics.    Read  before  ItiSt. 

C.  E.  by  Prof.  Osborne  Reynolds.    Am.  Engineer,  April  17,  1885,  et  .seq. 

,    The  Second  Law  of,  hy  Pto(.  J.  Burkitt  Webb,  before  the  Am.  Assoc,   for  Adv. 

of  Sc.    Defends  and  explains   Rankine's  deflnitioos.     Van.   Nos.  Eng,  Mag.,  Oct., 
1885. 

.     See  Heat. 

Thermometers.  An  engraving  showing  a  good  method  of  applying  the  thermometer 
for  measuring  tae  temperature  of  water  and  steam.  Boston  Jour.  Commerce,  April 
4,  ]88.i. 

Tides,  Theory  of  and  Prediction  of  Heights.  A  mathematical  treatment,  founded 
on  the  investigations  of  ".ewton,  Wheewell,  Leniz  and  Lubbock.  A  very  satisfac- 
tory paper  by  E.  A.  Gieseler,  Sup.  4th  Lighthouse  Dist.  Jour.  Frank.  In.-it.,  March 
and  October,  1885. 

Timber,  On  the  Antisei^tic  Treatment  of.  By  Samuel  B.  Boulton,  Assoc.  Inst.  C.  E. 
A  valuable  paper  by  one  who  has  had  31  years'  experience  in  the  business.  Trans. 
Inst.  C.  E.,  Vol  LXXVIII.,  115  pages.  Reprinted  in  Van  Nos.  Eng.  Mag.,  July,  1885; 
also  discussion  of  above.  Van.  Nost.  Eng.  Mag.,  August,  1885. 

.     Report  on  Experiments  with  the  Seely,  Bethell  and  Hayford  processes  of  creo- 
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soting,   with  descriptions  of  the  methods,  by  Geu.   Q.  A.   Gilmore.    Issued  as  a 

separate  pamphlet  of  20  pp.  by  the  Engr,  Dept  ,  U.  S.  A. 
.    Prenervafion  of.    Report  of  the  Am.  Soc.  C.  E  .  with  discussion.    This  is  the 

work  of  several  years  on  the  part  of  the  c  "immittee,  Mr.  O.  Chanute  being  chairman. 

Ic  is  the  most  important  contribution  to  this  subject  ever  made  in  this  country.    It 

fills  three  I'urabers  of  the   Jransactions.    Ttere  are  twenty  appendixes  by  other 

engmeers  ;  the   whole  making  a  discussion  of  great  value.      Trans.  Am.  Soc.  Civ. 

Engrs.,  Vol.  XIV.,  pp.  247-398.     Abstract  in  Eng.  Neivs,  July  11,  1885. 
.     On  Rendering  it  Non-inflammable.    A  synopsis  of   the  literature  on  the  sub" 

ject,  with  recommendations  by  the  authors.    From  the  Building  News  in   Van  Nos. 

Eng.  Mag.  for  July,  1885  ;  also  Am.  Arch.,  May  30,  et  seq. 
Time.    See  Determiuation. 
Topography.    Its  Use  and  Abuse  on  Railroad  Surveys.     Being  the  summary  of  an 

ext-nded  discussion  on  the  subject.     Railroad  Gazette.  Jan.  9,  1885. 
Topographical  Stirveying,  by  the  Plane-table  and  Sfw^/ff,  with  methods  of  its  use 

for  surveys  of  railways,  roads,  etc.,  as  practiced  in  Switzerland  and  Franca.     Very 

simple  presentation  of  tiie  theory,  with  cost  of  such  surveys,  fully  illustrated.     By 

M.  J.  Meyer,  Chief  Engineer  of  Railways  of   Western   Switzerland.    Proceedings  of 

the  Society  of  Civil  Engineers.  Paris,  October,  1884, 
Topographical  Surveys.    On  the  necessity  of  co-operation  between  the  National  and 

Stale  Governments  for  this  purpose;  the  arguments  well  stated,  and  facts  of  foreign 

topographical  sm'veys  given.     By  H.  F.   Walling.      A  pjper  read   before  the  Am. 

Soc.  of  Civ.  Engrs.,  at  the  recent  Buffilo  meeting.      Van  No.strand,  Vol.  XXXI  .  p. 

3.31  (Oct.,  1884). 
of  the  U   S.  L^tke  Survey.     Method  by  Transit  and  Stadia.     See  Prima-y  Triangu- 

lation  of  the  U.  S.  Lake  Survey.     Prof,  papers  Corps  of  Engrs.  U.  S.  Army,  No.  24. 
Torpedo-boat,  Resistance  of.    See  Resistance. 
Torpedo.    A  series  of  popular  articles  on  the  W^hitehe id   torpedo.     Engineering,  Feh. 

6,  1885,  et  .spQ. 
.    A  brief  description  of  the  various  kinds  used  in  naval  defenses  and  elsewhere, 

with  a  full  account  of  the  Whitehead  torpedo.     The  Engineer,  Feb.  G,  1885,  et.  seq. 
Tower.    Three  hundred  metres  high,  of  iron.    Projected   for  the  Paris  Exposition  of 

1889,  for  electric  lighting,  etc.    Discussion  of  materials,  cost,  etc..  with  plates  of 

details     Memoires  de  la  Societe  des  Ingrs.  C'ivils.    Paris,  March,  1885. 
Train  Resistance.    See  Resistance. 
Train  Sig'nals,  the  new  svstem  of.  recommended  by  the  General  Time  Convention  and 

about  to  be  adopted  on  most  American  railroads.    Railroad  Gazette,  Oct.  31,  1884.. 
Transit  Instrument.   A  discussion  of  the  sources  of  error  in  Its  use,  and  the  equations 

showing  relations  of  errors  of  adjustment  to  the  resulting  errors  m  the  work.     By 

John  Eisenmann.    Jour.  Assoc.  Eng.  Soc,  Vol.  IV.,  p.  196. 
Transportation  Facilities.    Some  historical  notes  going  to  show  that  the  earliest 

canals,  turnpikes,   railroads  and  locomotives  in  this  country  were  constructed  in 

Pennsylvania.     Jo)ir.  Frankli)i.  In.tt.,  Auiust,  1885. 
Transportation  :  Its  Early  History  in  Mass.  By  George  L   Vose.  Being  an  account  of 

thM  evolution  of  the  carrying  trade,  from  the  stage  coach  of  the  last  century  to  the 

present  time,  including  the  construction  and  operation  of  canals.    Jonr.  Assoc.  Eng. 

Soc,  Vol.  IV.,  p.  53. 
Trees  :  Transplanting  those  of  large  size.  Report  of  such  work  successfully  performed 

at  Washington,  on  trees  as  large  as  one  foot  in  diameter.    American  Architect  and 

Building  News,  April  11.  1885. 
Trestle.    Wooden  Trestle  Bridge  over  the  Huron  River,  at  Ann  Arbor,  Mich. ,  with  plate. 

By  Chas.  E.  Greene.    Report  Mich.  Assoc.  Surveyors,  1881. 
Trials  of  speed.     See  Speed  Trials. 
Triangulation.    Field  Work.    A  very  elaborate  article  giving  an  account  of  all  the 

different  parts  of  the  tit-Id  work  of  a  gener^il  scheme  of  triangulation,  incUuling  the 

measurement  of  basis.    Cuts  of  observation  stations    U.  S.  C.  and  G.  Survey  Report, 

1882.     .See  also  article  by  G.  Y.  Wisner  in  P  roc.  Am.  Soc.  Civ.    Eng..  Vol.    XII.  p. 

2b7.  July.  1883.     .s'ee  also  Lake  Survey,  Geodetic     ight  Signals,  observing  Tripods. 
Tunnel  Alignment.    By  F.  P.  Stearns.    Being  an  account  of  the  methods  used  on 

the  l)orche^ter  Bay  Tunnel,  Boston.    Illustrated.    The   results  Wf-re  very  accurate. 

Shaft  100  feet  fieep,  and  tunnel  6,090  feet  long.    Jour.    Assoc.   Eng.   Soc,   Vol.  lU.,. 

p.  190'. 
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Tunnelingr.  Caissn»  for  SubaqueoKn  Work.  A  new  method  of  laying  water  pipe 
or  building  a  subaqueous  tunnel  through  loose  material.  Has  been  used  in  Aus- 
tralia. Illustrated.  The  Railroail  Gazette,  April  17,  1885,  and  Am.  Engr.  of  same 
date. 

Tunnel,  The  Marot.  Abstract  of  a  paper  in  Ann .  des  Trav.  Publiques.  Illustrated  by 
about  ^'Ocuts  in  .<^c.  Am.  Suppl.,  Feb.  14,  1885. 

.     .s'ee  Greek  Tunnel. 

Tunnels  Under  Riverfi.  A  proposed  method  for  constructing  the  new  Thames  River 
Tunnel.  To  be  constructed  in  sections  and  lowered  to  place  on  a  caisson,  the  exca- 
vation* being  made  in  the  compressed  air  chamber.  Illustrated.  Engineering, 
Aug   U.  1885. 

Turbine  "Water- Wheels.  An  account  of  some  elaborate  experiments  upon.  By 
James  B.  Francis,  giving  tabulated  results,  cuts,  etc.  Tr.  Am.  Soc.  Civ.  Engrs.,  Vol. 
Xin..  p.  295. 

.    Abstract  of  a  lecture  before  the  Inst.  C.  E.  on  the  design  of  turbines.    By  W.  C. 

Unwin.     Engineering.  April  10,  1885. 

.     The  Determination  of  the  Hor.se-Power  of.    A  series  of  articles  by  Prof.   R.    H. 

Smith,  of  great  practical  value.    He  takes  account  of  the  unsteady  flow  through  the 
wheel.    The  Engineer,  Sep.  4,  Sep.  25. 

.     See  Flow  of  Water. 

XJ 

Underground  Conductors.  Edison  System.  Rep.  of  Exam,  of  Phila.  Ex.  Electri- 
cian (N.  Y.),  March,  188.5. 

.    Report  of  Sir  Wm.   Thomson   and  Prof.  Jenkin.     New  YorB   Electrical  Rev., 

Jan.  17.  1885. 

.    By  W.  W.  Jacques.    Difficulties,  precautions  and  cost.     ScieHce,  July  .3,  1885. 

•V 

■Vacuum  Pumps,  il/ercMri/.  for  exhausting  incandescent  lamps.  Illustrated.  Engi- 
neering, Aug  7,  1885. 

Varnishes,  Methods  of  Testing.  A  paper  read  before  the  Master  ar-Painters'  Con- 
vention.    Railway  Reviexv.  Nov.  15,  1884. 

Ventilation  of  Building's.  By  J.  Neville  Porter.  Paper  read  before  the  Society  of 
Architects,  London,  with  discussion.  The  writer  shows  an  acquaintance  with  the 
means  employed  in  all  parts  of  England.  A  first-rate  article  on  this  subject.  Van 
Nos.  Eng.  Mag..  January,  188.'.    See  also  Heating. 

.     The  Qnautity  of  Air  Required   in.   the    Ventilation   of  Buildings.    A  formula 

given,  based  on  the  experiments  of  Parkes.  Pettenkofer,  De  Chaumont  and  Angus 
Smith.     Jour  ..-l.woc.  Eng.  Socs.,  Vol.  IV.,  p.  418. 

„/  stables.     See  Stables. 

Viaduct  of  Blaauw-Krantz,  Cape  Colony.    A  unique  construction,  being  in  reality 

a  trussed  arch  of  2.30  feet  span,  the  moment  of  inertia  varying  nearly  as  the  bending 

moment  coming  upon  the  various  sections  of  the  structure.    Eng.  News,  Jan.  2'1, 

1885,  and  Am.  Engr.,  Jan.  23,  1885. 

Volt.    See  Ampere.  

■\^ 

"Wasliing'ton  Monument.    Official  Report  by  Col.  Thos.  L.  Casey,  giving  history, 

description,  foundations,  weight,  settlement,  cost,  plan,  sections,  etc.    H.  Rep.  Misc- 

Doc.  No.  8,  48th  Cong..  2d  Session,  1884.    Also,   discussion  of  its  stability.    Eng. 

Neivs,  March  14.  1885. 
.    By  C.  E.  Greene.    The  reenforcing  of  the  foundation  and  completion  of  the 

obelisk.    A  brief  paper,  with   sketches.    ScieHce,  Feb.  20,  1885.     Also  a  discussion 

of  the  stability  of  the  founda'ion,  by  J.  C.  Goodridge.     Eng.  News,  March  14.  1885. 
"Water  Closets.    See  Privy  Vaults. 
"Water  Distribution  Systems,    Graphical  Method  of  Studying  Efficiency  of.  and  the 

performance  of  fire  engines,  as  illustrated  in  a  great  flre  at  St.  Louis,  Mo.    By  M.  L. 

Holmnn.    -Jour.  As.wc.  Engr.  Socs.,  Vol.  I.,  p.  111. 
"Water  Filtration.      A   paper  before   the   Liverpool  Engineering  Society.     By  H.  T. 

Turner.    The  most  approved  principles  and  methods  of  constructing  artificial  filter 

beds  discussed.    Engineering  News,  April  18.  1885. 
by  Artificial  Means.      A  paper  read  before  the  Liverpool   Engr.   Soc.     Gives 

common  practice  in  England.    Engr.  Newi,  April  18,  1885. 
"Water  Jet,   as  an  Aid  to  Engineering   Construction.     Being  a  hisorical  sket3h  of  its 
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application  to  the  sinking  of  piles  and  caissots,  and  the  removal  of  sand-bars  and 
alluvial  deposits,  with  a  detailed  account  of  the  method  of  using  it  in  driving  sheet 
piling.  By  L.  Y.  Schennerhorn.  Issued  as  a  separate  pamphlet  by  Engr.  Dept., 
U.  S.  Army. 

"Water  Lifted  by  a  Nciv  Method.    The  water  is  lifted  through  pipes  by  forcing  air  into 

them  at  bottom.     Froc.  List.  Civ.  Emjr.,  Vol.  LXXXI.,  p.  400. 
"Water  Main.     Note  on  the  lowering  of  a  large  main  several  feet  while  in  service, 

without  any  iujuriou*  effects.    By  S.  Bent  Russell.      Jonr.   Assoc.  En(jr.  Soc.,Yo\. 

IV.,  p.  166. 

.  Laid  under   Streams.     Describing  methods,  with  cuts.    Froc.  Am.  Water-Works 

Assn.,  I88t.    J.  H.  Decker,  Sec'y,  Hannibal,  Mo. 

Repairing  under  Water.    See  Subaqueous  Work. 

"Water  Meters .  Comparative  tests  of  accuracy,  capacity,  wear,  etc.  By  Ross  E. 
Browne.  F<ve  types  discussed  at  length,  with  conclusions.  All  styles  illustrated  and 
tabular  results  and  diagrams  given.  Traits.  Tech.  Soc.  of  Pac.  Coast.  Reprinted  in 
Van  .  Nos.  En;/.  Maii.,  .fuly,  1883. 

.  Distinctive  features  and  comparative  tests  of  accuracy,  delivery,  etc.,  of  differ- 
ent meters.    Ross  E.  Browne.     Trans.  Tech.  Soc.  Pacific  Coast,  April,  1885. 

See  Gauging. 

"Water  Pipes.  Sjn'cifications  for  coated  cast-iron  water  pipes  and  other  castings  for 
the  Foston  Water-Works.     Enyinccrinij  Neios,  Feb.  21,  1885. 

.    ■^Vc  Chemical  Obstructions. 

"Water  Pollution,  in  .•<tor,i(/c  reservoir.  By  A.  H.  Tyson  and  C.  G.  Darrach.  Proc. 
Eng.  Club  of  Fhil.,  May,  1885. 

.    See  also  Epidemic,  and  Storage  Reservoirs. 

"Water.  Potable.  By  F.  P.  Venabies.  Gives  data  as  to  danger  and  presence  of  zinc  in 
using  galvanized  pipe  and  tanks.    Lon  Age,  April  .30,  1885. 

"Water  Power.  u:ith  High  Pre.-^sures  and  Wrought-Iron  Pipes  Giving  methods  of 
utilizing  small  How  under  great  heads,  as  found  in  the  mining  regions,  with  plates 
and  disctission.    By  Hamilton  Smith,  Jr.     Tr.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIII.,  p.  15 

at  Niagara  .     An  account  of  the  recent  appraisement  of  the  portion  of  this  power 

now  utilized  and  its  purchase  by  the  State  of  New  York.  By  Samuel  McElroy.  Jour. 
.4.s.sv>c.  Eng.  .Soc's.,  Vol.  IV.,  p  395. 

"Water.  Its  Purification  by  means  of  Iron  on  a  large. tcale.  By  Wm.  Anderson,  M.  I.  C.  E- 
Revolving  tanks  substituted  for  the  iron  filter  beds,  the  iron  filings  being  placed  in 
the  tank  and  removed  from  the  beds,  these  being  used  as  sand  filters  only.  Antwerp 
Works.  Illustrated.  With  discussion  by  Geo.  Henry  Ogston,  showing  chemical  ac- 
tion on  the  water.     Kng.  JVeivs,  Sept.  5,  1885.     The  Engineer,  June  19.  1885. 

Water-Ram  in  Pipes.  An  accou'jt  of  some  experiments  made  in  Providence. 
Tables  and  diagrams  given.     Trans.  Am.  Soc.  Civ.  Engrs.,  Vol.  XIV.,  p.  2.38. 

.     Momentum  and  Force  of  Impact  of  Water  Moving  in  Pipes.     By  J.  '.V.  Nystrom. 

L-on  Age,  Aug.  7,  1884. 

"Water  Softening-  Apparatiis.  Applicable  to  large  or  small  quantities,  replaces 
Clark's  process,  and  removes  the  permanent  hardness  as  well  as  the  temporary.  The 
Engineer,  Oct.  •-'4,  1884. 

.    A  paper  by  Baldwin  Latham,  giving  historical  review  and  the  various  processes 

now  used  Eng.  News,  Jaa.  '.M  and  Feb.  7,  1885.  Also  Van  Nos.  Eng.  Mag.,  Vol. 
XXXI.,  p.  311. 

.    See  also  Softening. 

"Water  Supply  of  (oi  Ancient  Roman  City.  From  an  address  by  Prof.  W.  H.  Corfield, 
Eng.  Desci-ihes  the  ancient  aqueducts  leading  into  Lyons,  France.  -4m.  Engr., 
Sept.  17,  1885. 

• of  Clevelanil,  in  its  Sanitary  and  Chemic(d  A.ipects.  By  N.  B.Wood.  Accom- 
panied by  tables  of  analyses.    Jour.  A.f.toc.  Eng.  Soc,  Vol.  IV.,  p.  284. 

()/  London  and  Amsterdam.    By  M.  Ed.  Couche.    Annates  des  Fonts et  Chati.^sees, 

July.  18S.-),  pp.  153-220.  Ti eating  in  considerable  deteil  of  sources,  composition, 
purification  and  distribution  of  the  water  supply  of  Locdon,  with  a  very  brief  note 
on  that  of  Amsterdam. 

of  New  York  City,  with  map  of  the  available  water-sheds  east  and   west  of  the 

Hudson.    A  careful  analys's  of  the  sources  of  supply,  aqueducts,  history  of  present 
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works,  and  description  of  works  of  extension.   A  series  of  articles,  beRun  in  Saniiary 
Eiiiiinci'i;  March  26,  1885. 
of  PhiJddclphid .     Remarks  on  the  future  supply  by  Col.  Wm.  Ludlow.  Chief  Engi- 
neer of  the  Phila.  Water  Dept.,  before  the   Franklin  Institute.    Jour.  Frank.  Inst., 
July,  1885. 

ditto.    Report  on  surveys  for  new  supply.     By  Rudolph  Hering.    Jonr.  Fr  Inst..^ 

Vol.  CXVIII.,  p.  laS.    August.  September  and  October,  1881. 

ditto.    The  annual  report  of  the  Chief  Engineer  (Col.  Wm.  Ludlow)  for  1884.    A 

bound  book  of  about  400  pages,  containing  appendices  on  pumping  tests,  surveys  for 
new  supply,  chemical  tests,  sanitary  survey  of  Schuylkill  Valley,  etc.  A  valuable 
document. 

far  RdUrocid  Enc/ines.     A  new  kind  of  water-wheel  working  small  pumps  used  on 

London,  Chatham  &  Dover  Ry.  Wheel  works  under  head  of  four  feet  and  forces 
water  1,500  feet  and  to  a  height  of  50  feet.     With  cut.    Iron,  Nov.  ai,  1884. 

(I ltd  Typhoid  Fever,  as  related  to  each  other  at  Louisville,  Ky.    Report  by  Dr.  J. 

N.  McOormack.     S<initary  Enrj.,  May  21,  1885.     See  further  Epidemic. 

Water  Waste.  Experiments  made  with  the  Deacon  waste-water  meter  system  at  Bos- 
ton.    Illustrated.    Jour.  Asuoc.  Eng.   Sor  ,  Vol.  I,  p.  253. 

at  Frankfort-OD-Main.    From  the  German.    Gives  account  of  the  amount  of  the 

waste  and  remedy  by  means  of  the  Deacon  district  meter.  Engineeriiiy  News,  May 
2,  1885. 

.  By  Peter  Milne,  Jr.,  Water  Purveyor  of  Brooklyn.    A  paper  before  the  Ain. 

Water  Works  Assoc.  Discusses  various  phases  of  the  subject.  Sanitary  Engr., 
May  14,  1885. 

,    House  to  House  Inspection,  to  Prevent.     By  M.   L.   Hohnan.      Describes  the 

methods  so  effectively  ussd  in  St.  Louis.  No  expensive  apparatus  required.  Journal 
A.'isoc.  Eng.  Socs.,  Vol.  IV.,  p.  368. 

Mr.  J.  Parry,  in  a  report  to  the  Water  Committee  of  Liverpool,  shows  the  great 

difference  in  waste  between  a  district  with  good  fittings  and  one  with  bad  fittings. 
Editoral  m  Sanitary  Engineer,  Sept.  24,  1885. 

Watei-ways.  Infernal  Improvement.  A  brief  account  of  the  recent  convention  held 
at  St.  Paul  to  consider  the  improvement  of  the  Northwestern  waterways.  Eight 
States  and  two  Territories,  represented  by  926  delegates.  Very  important,  as  indi- 
cating the  probable  course  of  public  policy  concerning  the  river  and  harbor  works. 
Editorial  in  BradstreeVs,  Sept.  12,  1885. 

Water  Wheels.     See  also  Turbines. 

Water- Wheel  Setting'  at  Niagara  Falls.  Three  Victor  turbines  working  a  75-foot 
head  from  one  iron  penstock,  power  being  transmitted  separately.  Illustrated. 
Eng.  and  Min.  Jour.,  July  18,  1885. 

Water- Works /or  Small  Cities.  By  G.  W.  Pearsons.  A  brief  popular  essay  on  the 
subject.    Report  Mich.  A.'i.soc.  Surveyors,  1882. 

of  Red  Bank.  N.  J.      Described  and  illustrated.    Consists  of  well  fifteen  feet  in 

diameter  and  sixty  feet  deep,  pump?,  curbing,  etc.    Eng.  News,  Aug.  29,  1885. 

at  Remscheid.  Supply  taken  from  underground  perforated  pipes.  The  drain- 
age ground  limited  by  retaining  walls  to  solid  rock,  water  drawn  oft  as  desired.  Lift 
of  over  600  ft.  Population,  25  to  50  thousand.  Translated  from  the  German.  The 
Engineer,  April  10,  1885. 

at  Wem,  England.     A  well  designed  system  of  works  for  small  town  ;  includes 

well  and  covered  reservoir.    Fully  illustrated.    Total  cost  about  $27,000.    The  Engi- 
neer, Sept.  18,  188j. 

at  Wellesley,  Mas.s.  By  F.  L.  Fuller.  Engr.  Interesting  details  of  value  in  de- 
signing new  works  for  small  towns.  Illustrated.  Jour.  A.'isoc.  Eng.  Soc  Vol  IV  p 
401.  '         •••*'■ 

Wave  Reaction.  Remarks  upon  by  W.  P.  Rice.  Considered  in  Its  relation  to  the 
forms  of  breakwaters.     Jour.  A.ssoc.  Eng.  Sue.,  Vol.  IV.,  p.  319. 

Weirs,  Submerged.    See  Flow  of  Wa-  er,  and  Submerged. 

Wickets,  Balanced.     See  Appliances. 

Winch,  Derrick.     See  Appliances. 

Windmill  Sails.  Be.st  Angles  for  Various  Speeds.  By  Wolff.  The  table  given  in  Am 
Engr..  June  5,  1885. 
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Wind  Pressure.'  |A  table  giving  the  relation  between  the  velocity  and  the  pressure  at 
dififereat  temperatures.    American  EiKjineer.  May  1,  1885. 

.    on  Spherical,  Cylindrical  and  Conical  Surfaces.    A  theoretical  discussion,  by  P. 

H.  Philbrick.     Van  Nos.  Eng.  Mag.,  Dec,  1884. 

Wire  Rod.i.  Their  manufacture  in  the  United  States.  A  paper  translated  from  the 
Revue  Universelle:- des  Mines,  being  the  result  of  the  obstrvations  of  two  Belgian 
engineers  in  this  country.     Fully  illustrated.     The  Iron  Age,  Sept.  3,  1885 

Rope.    The  Locked  Coil.    A  new  style  of  wire  rope,  being  smooth  on  the  outside 

like  a  round  rod,  and  the  wires  made  of  special  shapes  so  as  lo  interlock  v/ith  each 
other,  thus  preventing  any  wire  from  moving  from  its  place.  Illustrated.  Iron, 
Sept.  18,  188.i. 

Wooden  Beams,  Transverse  Stre^igth  of,  being  a  new  formula  by  R.  F.  Hartford, 
C.  E.,  which  harmonizeslwith  latest  experiments,  including  those  of  Lanza,  Rod- 
man, Haslett,  Graham,  Smith  and  others.    Am.  Engr.,  Dec.  J 2,  1884. 

,  Transverse  Strength  of.     By  Prof.  Lanza.     Gives  results  of  experiments  on  large 

beams.    Jour.  Assoc.  Eng.  Socs..  Vol.  III.,  p.  133. 

.   See  also  Tests. 

Wood  Pavements  /*(  London.  A  paper  by  Geo.  H.  Stayton.  There  are  now  53  miles 
of  this  jjavement  in  that  city.  Blethods,  wear,  cost,  etc.,  fully  given.  With  discus- 
sion, occupies  75  pp.,  in  Proc.  Inst.  Civ.  Engrs  ,  Vol.  hXXVU.I.  Also  Eng.  News, 
Nov   22,  1884.  et  seq. 

.    See  also  Pavements,  and  Street  Pavements. 

Wood  Preserved  under  Water.  Recent  discovery  of  remains  of  old  Roman  bridge 
piers  in  river  Trent,  the  oaken  timbers  bemg  in  good  preservation.  The  Engineer, 
Nov.  7,  1884. 

,  Preservation  of.     See  Timber. 

Wood- Working'  Machinery  on  exhibition  at  World's  Fair,  in  New  Orleans.  Manu- 
facturer and  Builder,  March,  1885. 

.  A  description  of  the  recent  improvements  in  wood-working  machinery  in  Eng- 
land, and  their  application  to  cheapening  the  cost  of  pattern  making.  Mr.  Geo. 
Richards.    Engineering,  Feb.  13,  1885. 

Work  developed  in  Rail  and  Girder  Rolling.  Experiments  made  in  St.  Petersburg. 
Proc.  Inst.  Civ.  Engrs.,  Vol.  LXXXI.,  p.  414. 

Workshop  Drawing-s.  By  Alfred  D.  Ottewell.  Two  short  articles  giving  many  valu- 
able practical  instructions.    Am.  Engr.,  Nov.  7  and  21,  1884. 

Wrecking:  Plant  used  on  Great  Western  Railway  of  Ireland.  Illustrated.  From  The 
Engitieer.    Railroad  Gazette,  July  17,  1885. 

Wroug-ht-Iron  direct  from  the  Ore,  a  process  of  making.  By  W.  P.  Ward.  Trans. 
Am.  Inst.  Min.  Engrs.,  Vol.  XII. 

Zinc.  Its  unfitness  for  standards  of  length  from  its  slow  response  to  changes  in  tem- 
perature. In  other  words,  its  length  is  not  truly  indicated  by  its  temperature  when 
the  temperature  changes  rapidly,  as  in  field  observations.  Prof.  Papers  Corps  of 
Engrs.  U.  S.  A  ,  No.  24.    TrianguJation  of  U,  S.  Lake  Survey,  p.  860. 
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ACT  OF  INCORPORATION. 


AN  ACT 
To  Incorporate  the  Boston  Society  of  Civil  Engineers. 

Be  it  eftacted  by  the  Senate  and  House   of  Representatives,  in   General 
Court  assembled,  and  by  the  authority  of  the  same,  as  follows  : — 

Section  i.  George  M.  Dexter,  Simeon  Borden, William  P.  Parrott, 
their  associates  and  successors,  are  hereby  made  a  corporation  by  the 
name  of  "The  Boston  Society  of  Civil  Engineers,"  for  the  purpose 
of  promoting  science  and  instruction  in  the  department  of  Civil 
Engineering,  with  all  the  powers  and  privileges,  and  subject  to  all  the 
duties,  liabilities  and  restrictions  set  forth  in  the  forty-fourth  chapter 
of  the  Revised  Statutes. 

Section  2.  The  said  corporation  may  hold  real  and  personal 
estate,  not  exceeding  in  amount  twenty  thousand  dollars,  and  the 
funds  or  property  thereof  shall  not  be  used  for  any  other  purposes 
than  those  declared  in  the  first  section  of  this  act. 

[Approved  by  the  Governor,  April  24,  185 i.j 

GEORGE  S.  BOUTWELL. 


CONSTLTUTION. 


PREAMBLE. 

The  members  of  the  Boston  Society  of  Civil  Engineers,  in  accord- 
ance with  their  charter  and  for  the  more  effectual  execution  of  the 
design  of  their  Institution,  establish  and  ordain  the  following  Consti- 
tution and  By-Laws  for  the  government  of  said  society  : — 

Article  L 

The  objects  of  this  society  are,  the  professional  improvement  of  its 
members,  the  encouragement  of  social  intercourse  among  engineers 
and  men  of  practical  science,  and  the  advancement  of  civil  engineer- 
ing ;  and  for  the  promotion  of  these  objects  stated  meetings  of  the 
society  shall  be  held,  and  a  library  formed  for  the  use  of  its  members. 

Article  IL 

Civil,  Geological,  Mining  and  Mechanical  Engineers,  and  other 
persons  interested  in  the  advancement  of  engineering,  shall  be  eligible 
as  members. 

Article  IH. 

The  government  of  the  society  shall  consist  of  a  President,  Vice- 
President,  Secretary,  Treasurer  and  Librarian,  who  shall  be  elected 
by  written  ballot,  by  a  majority  of  votes,  at  the  annual  meeting  of  the 
society,  and  who  shall  hold  their  offices  until  others  are  elected  in 
their  stead  ;  any  vacancy,  occasioned  by  resignation  or  otherwise, 
may  be  tilled  at  the  next  monthly  meeting  after  notice  of  said 
vacancy. 

Article  IV. 

The  President,  and  in  his  absence  the  Vice-President,  shall  preside 
at  all  the  meetings  of  the  society  ;  and  in  case  of  their  absence  a 
President /^tf  tempore  shall  be  appointed. 


Article  V. 

The  Secretary  shall  keep  an  accurate  record  of  all  the  transactions 
of  the  society,  notify  all  meetings,  and  issue  all  notices. 

Article  VI. 

The  Treasurer  shall  have  charge  of  all  the  funds  of  the  society, 
receive  all  assessments,  and  pay  all  bills  and  orders  approved  by  the 
President,  or  in  his  absence  by  the  Vice-President.  He  shall  keep 
an  accurate  account  of  all  receipts  and  expenditures,  and  make  report 
of  the  same  at  the  annual  meeting. 

Article  VII. 

It  shall  be  the  duty  of  the  Librarian  to  take  charge  of  the  Library 
of  the  society,  and  to  see  that  all  books  are  marked  with  the  name  of 
the  society,  numbered  and  recorded  in  a  catalogue.  In  respect  to 
the  management  of  the  library,  he  shall  conform  to  such  regulations 
as  mav  be  prescribed  by  the  society. 

Article  VIII. 

The  duties  of  the  government  shall  be  to  have  a  general  care  of  the 
affairs  of  the  society  ;  to  provide  for  literary  exercises  at  the  meetings; 
to  apply  the  funds  in  the  treasury  ;  to  recommend  the  amount  of 
assessments,  appropriations  for  specific  purposes,  and  to  make  a 
report  on  the  affairs  of  the  society,  embracing  the  report  of  the  Treas- 
urer, at  the  annual  meeting. 

Article  IX. 

An  Auditor  shall  be  appointed  at  the  annual  meeting,  who  shall 
audit  the  accounts  of  the  Treasurer  and  certify  to  his  annual  report. 

Article  X. 

At  any  regular  meeting  of  the  society  ten  members  shall  constitute 
a  quorum  for  the  transaction  of  business. 

Article  XI. 

At  every  meeting  the  Secretary  shall  have  a  list   of  members   en- 


titled  to  vole,  which  list  shall  not  be  altered  during  the  meeting,  and 
shall  be  used  in  voting,  if  demanded  by  one-fifth  of  the  members 
present. 

Article  XII. 

The  name  of  any  candidate  for  membership  shall  be  proposed  in 
writing  by  two  members  of  the  society,  stating  the  length  of  his  pro- 
fessional experience,  and  that  they  personally  know  him  and  recom- 
mend his  election,  all  of  which  shall  be  announced  by  the  secretary 
one  month  before  he  is  balloted  for. 

Article  XIII. 

Any  person  thus  nominated,  who  shall  receive  the  ballots  of  two- 
thirds  of  those  voting  at  any  regular  meeting,  shall  be  considered 
duly  elected,  a  quorum  voting. 

Article  XIV. 

Any  person  duly  elected  shall  become  a  member  on  subscribing 
his  name  to  the  Constitution  and  paying  ten  dollars  to  the  Treasurer, 
and  the  cost  of  the  jfournal  from  the  date  of  admission  to  the  date 
of  the  next  annual  meeting. 

Article  XV. 

Members  shall  be  liable  for  the  payment  of  such  assessments  as 
shall  be  voted  by  the  society^  except  that  during  residence  fifty  miles 
or  more  from  Boston,  any  member  whose  dues  have  been  fully  paid, 
and  who  shall  give  written  notice  to  the  Secretary,  may  thereby  be 
exempted  from  any  assessment  levied  before  the  next  annual  meet- 
ing, and  by  the  payment  of  four  dollars,  at  or  before  the  annual 
meeting,  may  retain  his  membership  and  be  exempted  from  any 
assessment  during  the  year  following  such  annual  meeting,  or  for  any 
less  period  that  his  non-residence  shall  continue. 

Article  XVI. 

Honorary  members,  having  been  nominated  as  required  in  Article 
XII.,  may  be  elected  by  a  unanimous  vote.  They  shall  be  subject  to 
no  fees  or  assessm^ts.  They  may  attend  any  meetings  of  the 
society,  but  shall  not  be  entitled  to  vote. 

Article  XVJI. 

Any  member  whose  dues  have  been  fully  paid  may  withdraw  from 
the  society  by  notifying  the  Secretary. 


Article  XVIII. 

Any  member  who  does  not  pay  his  assessment  within  eleven  months 
after  it  is  levied  shall  cease  to  be  a  member,  but  his  debt  to  the  so- 
ciety shall  not  thereby  be  discharged. 

Article  XIX. 

A  member  may  be  expelled  from  the  society  by  a  two-thirds  vote 
of  those  present,  a  quorum  voting,  notice  having  been  given  of  such 
proposed  expulsion  by  the  Secretary,  in  writing,  at  least  one  month 
previous. 

Article  XX. 

The  regular  meeting  in  March  shall  be  the  annual  meeting  for  the 
election  of  officers  and  the  hearing  of  the  annual  reports. 

Article  XXI. 

No  proposition  which  includes  the  society's  endorsement  shall  be 
passed,  except  in  the  same  manner  as  prescribed  for  amendments  to 
the  Constitution. 

Article  XXII. 

Any  amendment  to  the  Constitution  may  be  made  by  a  two-thirds 
vote  passed  in  its  favor  at  each  of  two  successive  regular  meetings, 
or  by  the  assent,  in  writing,  of  two-thirds  of  the  whole  number  of 
immediate  members  signified  to  the  Secretary  within  one  month  pre- 
ceding a  regular  meeting,  and  announced  and  recorded  by  him  at 
that  meeting.  Amendments  may  be  made  to  the  following  By-Laws, 
by  a  two-thirds  vote,  at  any  regular  meeting,  providing  they  have 
been  proposed  in  writing  at  the  previous  regular  meeting. 


BY-LAWS 


1.  The  regular  meeting  of  the  society  shall  be  held  on  the  evening 
of  the  third  Wednesday  in  every  month. 

2.  The  following  order  of  business  shall  be  observed  at  all  reg- 
ular meetings,  unless  set  aside  by  a  vote  of  the  members  present : — 

1.  The  reading  of  the  record  of  the  previous  meeting. 

2.  Balloting  for  members. 

3.  Business  and  reports  of  committees,  or  until  8  P.  M. 

4.  Literary  exercises. 

5.  Unfinished  business. 

3.  The  President  may  call  meetings  of  the  society  when  he  deems 
it  expedient,  and  shall  be  bound  to  do  so  at  the  written  request  of 
five  members,  stating  the  purpose  of  such  meeting. 

4.  At  the  annual  meeting  any  existing  special  committees  shall 
expire,  unless  continued  by  a  vote  of  the  society. 

5.  Ten  months  after  an  assessment  is  levied,  the  Secretary  shall 
send  the  following  notice  to  any  members  who  have  not  paid  the 
same  nor  been  exempted  from  payment  : — 

Dear  Sir  : — 

Your  assessment  levied  .  .  .  not  having  been  received,  in  con- 
formity to  the  By-Laws,  your  attention  is  hereby  called  to  Article 
XVI n.  of  the  Constitution,  which  is  as  follows  : — 

Article  XVI IL 

Any  member  who  does  not  pay  his  assessment  within  eleven  months 
after  it  is  levied  shall  cease  to  be  a  member,  but  his  debt  to  the  so- 
ciety shall  not  thereby  be  discharged. 

6.  A  record  of  all  donations  to  the  society,  whether  in  money, 
books,  maps,  models,  or  other  articles  of  value,  with  the  names  of 
the  donors,  shall  be  entered  by  the  Secretary  in  a  book  provided  for 
that  purpose,  to  be  kept  at  the  rooms  of  the  society. 
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7-  Any  gentleman,  not  a  resident  in  Boston,  may  be  introduced  to 
the  rooms  of  the  society  by  any  member,  who  shall  inscribe  his  name  in 
a  book  provided  for  that  purpose,  together  with  his  own  name  ;  and  the 
person  so  introduced  shall  be  entitled  to  the  privileges  of  the  rooms 
for  one  month.  This  privilege  may  be  renewed  at  the  discretion  of 
the  government. 

8.  A  book  shall  be  kept  by  the  Librarian  in  which  members  may 
enter  the  title  of  any  book  which  they  may  wish  to  have  added  to  the 
Library. 

9.  The  records  of  the  society  shall  be  at  all  times  open  to  any 
member  of  the  society. 

10.  The  annual  report  shall  be  signed  by  at  least  four  members 
of  the  government,  of  whom  either  the  President  or  Vice-President 
shall  be  one. 

11.  The  Secretary,  ex  officio^  shall  be  the  society's  representa- 
tive on  the  Board  of  Managers  of  the  Association  of  Engineering 
Societies. 

12.  The  salary  of  the  Secretary  shall  be  one  hundred  dollars  a 
year. 


BOSTON  SOCIETY  OF  CIVIL  ENGINEERS. 


OFFICERS 

For  the  Year  Beginning  March,  1886. 


President, 

GEORGE  L.  VOSE. 

Vice-President, 

L.  FREDERICK  RICE. 

Secretary,  Treasurer, 

HORACE  L.  EATON,  HENRY   MANLEY. 

Librarian,  Auditor, 

HENRY  D.  WOODS.  FRED.  P.  STEARNS. 


SPECIAL  COMMITTEES. 

On    Weights  and  Measures. 
Charles  H.  Swan,     Charles  W.  Kettell,     Charles  W.  Folsom. 

On  the  Preservation  of  Timber. 

President  George  L.  Vose  {ex  officio^. 

Ernest  W.  Bowditch,         James  B.  Francis.         William  Watson, 

Edmund  K.  Turner,     Henry  Manley,     Hezekiah  Bissell. 

On  Natiofial  Public  Works. 
Desmon  FitzGerald,         William  McClintock,         Sidney  Smith. 

On  Excursions . 

Dexter  Brackett,     Alfred  E.  Burton,       Desmond  FitzGerald, 

William  S.  Barbour,       Marshall  M.  Tidd. 
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On  Library. 

Librarian,  Henry  D.  Woods,  and  Secretary,  Horace  L.  Eaton, 

{ex  officio). 

George  R.  Hardy,     Charles  H.  Swan,     George  F.  Swain. 


MEETINGS. 


Annual  Meeting. — Third  Wednesday  in  March. 

Regular  Meetings. —  Third  Wednesday  of  the  month  at  7.30  p.  m. 


Meetings  held    at    Room    27,  Boston  &  Albany  Railroad  Station, 
Boston. 


LIST  OF  MEMBERS, 

WITH  ADDRESSES  AND  DATE  OF  ELECTION. 

Members  are  particularly  requested   to  inform   the   Secretary   of  any 
change  of  address. 


HONORARY  MEMBERS. 

Blake,  John  H.,  July  3,  1848. 

Retired  from  active  business. 

53  Devonshire  St.,  Room  6,  Boston,  Mass. 

Chesbrough,  E.  S.,  July  3,  1848. 

171  La  Salle  St.,  Chicago,  111. 

Darracott,  Franklin,  July  3,  1848. 

Vice  President  Nason  Manufacturing  Co., 

71  Beekman  St.,  New  York,  N.  Y. 

Felton,  Samuel  M.,  Oct.  2,  1848. 

President  Pennsylvania  Steel  Company. 

President    Delaware    Railroad,  (leased    to  Phila.,  Wilmington  & 

Baltimore  R.  R.  Co.) 
Care  of  Penn.  Steel  Co.,    208  South  Fourth  St.,    Philadelphia 

Penn. 

Has\vell,  Charles    H.,  June  3,  1850. 

Civil  and  Marine  Engineer, 

P.  O.  Box  2,961,  New  York,  N.  Y. 

Parker,  George  A.,  March  22,  1852. 

Consulting  Engineer, 

South  Lancaster,  Mass. 
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Whitwell,  William  S.,  July  3,  1848. 

Engineer  and  Treasurer,  Boston  and  Roxbury  Mill  Corporation, 

68  Devonshire  St.,  Boston,  Mass. 


CORRESPONDING  MEMBERS. 

Pike,  William  A.,  May  26,  1875. 

Professor  of  Engineering,  University  of  Minnesota, 

University   of  Minnesota,  Minneapolis,  Minn. 


ACTIVE  MEMBERS. 

Adams,  Edward  P.,  October  17,  1883. 

Landscape  Architect  and  Sanitary  Engineer, 

19  Exchange  PL,  Room  14,  Boston,  Mass. 

Allen,  C.   Frank,      '  March  24,  1875. 

Asst.  Attorney,  A.  T.  &  S.  F.  R.  R., 

Socorro,  N.  M. 

Allen,  William  A.,  April  15,  1885. 

Chief  Engineer  Maine  Central  Railroad  Company, 

Portland,  Maine. 

Andrews,   David  H.,  May  18,  1881. 

Proprietor  Boston  Bridge  Works, 

70  Kilby  St.,  Room  83,  Boston,  Mass. 

Appleton,  Thomas,  June  8,  1874. 

City  Engineer,  East  Saginaw, 

East  Saginaw,  Mich. 

Aspinwall,  Thomas,  March  17,  1880. 

Aspinwall  &  Lincoln,  Civil  Engineers, 

7  Exchange  PL,  Boston,  Mass. 

Barbour,  William  S.,  Oct.   19,  1881. 

City  Engineer,  Cambridge, 

City  Hall,  Cambridgeport,  Mass. 

Bement,   R.   B.   C,  November  15,  1882. 

Engineer,  Treasurer  and  Manager  Charleston  Water  Works  Co., 

Charleston,  Kauawa  County,  West  Virginia. 
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Bidwell,   Lawson  B.,  November  19,  1884. 

Chief  Engineer  New  York  &  New  England  Railroad, 

224  Federal  St.,  Boston,  Mass. 

Bissell,   Hezekiah,  March  20,  1883. 

Master  of  Maintenance  of  Way,  Eastern  and   Northern  Division 
Boston  &  Maine  Railroad  Co.,    * 
Salem,   Mass. 

Blodgett,  George  W.,  June  8,   1874. 

Asst.  Engineer  B.  &  A.  R.  R.,  in  charge  of  Electrical  Apparatus, 

Boston  &  Albany  Railroad,  Boston,  Mass. 

Borden,  Philip  D.,  Jr.,  March  15,  1882. 

City  Engineer,  Fall  River, 
P.  O.  Box  248,  Fall  River,  Mass. 

Bowditch  Ernest  W.,  June  8,  1874. 

Landscape  Gardener  and  Engineer, 

60  Devonshire  St.,  Boston,  Mass. 

Bowers,  George,  March  17,  1886. 

Assistant  Engineer,  City  Engineer's,  Lowell, 

265  Westford  St.,  Lowell,  Mass. 

Brackett,   Dexter,  June  8,  1874. 

Assistant  Engineer,  City  Engineer's  OfBce,  Boston, 

City  Hall,  Boston,  Mass. 

Bradford,   Laurence,  June  8,  1874. 

Civil  Engineer, 
Duxbury,  Mass. 

Bradley,  William  H.,  June  8,  1874. 

Civil  Engineer, 
53  Devonshire  St.,  Boston,  Mass. 

Bray,  Charles  D.,  December  17,  1879. 

Professor  of  Civil  and  Mechanical  Engineering,  Tufts  College, 

College  Hill,  Mass. 

Brooks,  Edward   H.,  December  16,  1885. 

Civil  Engineer, 
76  Inman  St.,  Cambridgeport,  Mass. 

Brooks,  Frederick,  June  8,  1874. 

Civil  Engineer, 
31  Milk  St.,  Room  18,  Boston,  Mass. 
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Brown,  Elbridge   L.,  -  May  20,   1885. 

City  Engineer,  Brockton, 

Brockton,  Mass. 

Burton,  Alfred  E,,  November  15,  1882. 

Assistant  Professor  of  Topographical  Engineering,  Massachusetts 

Institute  of  Technology, 

Boston,  Mass. 

Cabot,  Lincoln,  June  8,  1874. 

Civil  Engineer, 
19  Congress  St.,  Boston,  Mass. 

Carr,  Joseph  R.,  .  June  8,  1874. 

Civil  Engineer, 
270  Broadway,  Chelsea,  Mass. 

Carson,  Howard  A.,  June  8,  1874. 

Civil  Engineer, 
68  Devonshire  St.,  Boston,  Mass. 

Carter,  Henry  H.,  April  16,  1884. 

Assistant   Engineer  in  charge  of  Farm  Pond  Conduit, 

Boston  Water  Works, 

South  Framinghani,  Mass. 

Carven,  Christopher  J.,  October  21,  1886. 

Assistant  Deacon  Waste  Water  Detector, 

Boston  Water  Works, 
1604  Dorchester  Ave.,  Dorchester,  Mass. 

Chaplin,  Winfield   S.,  December  16,  1885. 

Professor  of  Engineering  in    Harvard   University  and  Dean  of 
Lawrence  Scientific  School, 
,    16  Prescott  St.,  Cambridge,  Mass. 

Cheney,  John  E.,  April  28,  1875. 

Assistant  City  Engineer,  Boston, 

City  Hall,  Boston,  Mass. 

Clarke,  Eliot  C,  April  17,  1878. 

15  Brimmer  St.,  Boston,  Mass. 

Coffin,  Freeman  S.,  April  21,  1886. 

With  M.  M.  Tidd,  Civil  and  Hydraulic  Engineer, 

ID  Tremont  St.  Boston,  Mass. 


17 

Coffin,   Walter  S.,  March  17,  1886. 

Draughtsman,    Boston  Main  Drainage  Works, 

74  Tremont  St.,  Boston,  Mass. 

Coggeshall,   Robert  C.   P.,  June  17,  1885. 

Superintendent  Water  Works,  New  Bedford, 

City  Hall,  New  Bedford,  Mass, 

Cook,  Mayo  T.,  June  17,  1885. 

City  Engineer's  Office, 

Boston,  Mass. 

Corthell,   Elmer  L.,  January  20,  1886. 

Chief  Engineer,  Atlantic  and  Pacific  Ship  Railway, 

34  Nassau  St.,  New  York,  N.  Y. 

Crafts,  George  H.,         "  September  17,  1884. 

Civil  Engineer  and  Contractor  for  Iron  Bridges. 
44  Fitien  Building,  Atlanta,  Oa. 

Currier,  George  C,  March  17,  1886. 

City  Engineer's  Office, 

City  Hall,  Boston,  Mass. 

Curtis,  Joseph  H.,  December  2,  1874. 

Landscape  Engineer  and  Gardener, 
85  Devonshire  street,  Boston,  Mass. 

Danforth,  J.  H.,  June  15,  1881. 

With  New  Jersey  Steel  and  Iron  Co., 

Trenton.  N.  J. 

Davis,  Edmund  S.,  December  18,  1878. 

Examiner,  U.  S.  Surveyor  General's  Office, 

Denver,  Col. 

Davis  Joseph  P.,  June  8,  1874. 

I  East  Ninth  street.  New  York,  N.  Y. 

Davis,  Thomas  W.,  April  16,  1879. 

City  Surveyor,  Boston, 

City    Hall,    Boston,    Mass. 

Doane,  Thomas,  June  8,  1874. 

Civil  Engineer, 
21  City  Sq.,  Charlestown,  Mass. 
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Drake,  Albert  B.,  May  19,  1886. 

City  Surveyor,  New  Bedford, 

City  Hall,  New  Bedford,  Mass. 

Eaton,  Horace  L.,  March  19,  1879. 

Civil  Engineer,  City  Engineer's  Department,  Boston, 

City  Hall,  Boston,  Mass. 

Edmond,  Sumner  R.,  May  20,  1885. 

Ass't  Division   Road   Master,  Boston  &  Worcester  Division, 

Boston  &  Albany,  Railroad. 

B.  &  A.  R.R.  Station,  Boston,  Mass. 

Ellis,  S.  Clarence,  April  17,  1878. 

City  Hall,  Boston,  Mass. 

Ellis,  George  A.,  May  19,  1886. 

Engineer  and  Superintendent  of  Construction,  Racine  Waterworks, 

Racine,  Wisconsin. 

Ellis,  John  V/.,  May  19,  1886. 

Chief  Engineer,  Providence  &  Worcester  Railroad, 

Woonsocket,  R.  I. 

Evans,  George  E.,  April  21,  1886. 

City  Engineer,  Lowell, 

City  Hall,  Lowell,  Mass. 

Felton,  Samuel  M.,  Jr.,  May  17,  1882. 

First  Vice-President,  New   York,  Lake  Erie  &:  Western   Railroad 

Company, 
21  Cortlandt  St.,  New  York,  N.  Y. 

Fisher,  Francis  D.,  November  17,  1875. 

Civil  Engineer, 
6  Clinton  PI.,  Syracuse,  N.  Y. 

FitzGerald,  Desmond,  June  8,  1874. 

Superintendent  Western  Division,  Boston  Water  Works, 

Brookline,  Mass. 

Folsom,  Charles  ^A/'.,  May  16,  1877. 

Civil  Engineer, 
19    Berkeley  St.,  Cambridge,  Mass. 

Forbes,  Arthur  W.,  April  17,  1878. 

Hydraulic  and  Civil  Engineer, 

1 01  Milk  St.,  Boston,  Mass. 
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Forbes,  F.  F.,  May  21,  1879. 

Superintendent  Brookline  Water  Works, 

Brookline,  Mass. 

Francis,  James,  September  16,  1885. 

Agent  and  Engineer, 

Proprietors  of  the  Locks  and  Canals  on  Merrimack  River, 

Lowell,    Mass. 

Francis,  James  B.,  July  3,  1848. 

Consulting  Engineer, 

Proprietors  of  the  Locks  and  Canals  on  Merrimack  River, 

Lowell,  Mass. 

Freeman,  John   R.,  January  19,  1881. 

Civil  and  Hydraulic  Engineer, 

Care  of  Boston  Manufacturers  Mutual  Fire  Insurance  Company, 

31  Milk  St.,  Boston,  Mass. 

French,  Alexis  H.,  June  8,  1874. 

Civil  Engineer  and  Surveyor, 

Cypress    St.,    Brookline,    Mass. 

Fteley,  Alphonse,  June  8,  1874. 

Executive  Engineer  New  York  Aqueduct  Commission, 

215  Stewart  Building,  New  York,  N.  Y. 

Fuller,   Frank  L.,  June  8,  1874. 

Civil  Engineer, 

Engineer,  Ware,  (Mass.)  Water  Works, 

7  Exchange  PL,  Boston,  Mass. 

Glover,  Albert  S.,  June  17,  1885. 

Water  Registrar   and   Clerk  of  Water  Board  of  City  of  Newton, 

City  Hall,  West  Newton,  Mass. 

Gould,  John  A.,  Jr.,  October  21,  1886. 

Civil  Engineer,  City  Engineer's  Department,  Boston, 

City  Hall,  Boston,  Mass. 

Go\A^ing,  Earle  H.,  November  19,  1884. 

Mechanical  Engineer,  with  Worthington  Pump  Company, 

70  Kilby  St.,  Boston,  Mass. 

Granger,  W.  P.,  November  15,  1882. 

Chief  Engineer  Oregon  Southern  Improvement  Co., 

Empire  City,  Oregon. 
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Grant,   M.  G.,  March  24,  1875, 

Civil  Engineer, 
97  Mt.  Vernon  St.,  East  Somerville,  Mass. 

Gushee,  Edward  G.,  December  19,  1877. 

Civil  Engineer,  with  C.  Shaler  Smith,  Bridge  Entrance,  St.  Louis. 

4,027  Morgan  St.,  St.  Louis,  Mo. 

Haagensen,  Sophus,  December  16,  1885. 

Civil  Engineer.     Specialty,  Sub  Marine  Work. 

T,T,  Rialto  Building,  corner  of  Milk  and  Devonshire  Sts. 

Boston,  Mass. 

Haberstroh,  Charles  E.,  September  16,  1885. 

Assistant  Superintendent  Western  Division  Boston  Water  Works. 

South  Framingham,  Mass. 

Hale,   Richard  A.,  March  15,  1882. 

Principal  Assistant  Engineer  Essex  Water  Power  Co., 

Lawrence,  Mass. 

Hall,  Willis   H.,  March  17,  1886. 

Engineer  and   Draughtsman  with  E.  D.  Leavitt,  Jr. 

P.  O.  Box  47,  Cambirdgeport,  Mass. 

Hammatt,  Edward  A.  W.,  February  18,  1885. 

Civil  and  Hydraulic  Engineer, 

5  Pemberton  Sq.,  Boston,  Mass. 

Hardy,  George  R.,  June  8,  1874. 

Assistant  Chief  Engineer,  Road  Department,  B.  &  A.  R.  R., 

Boston,  Mass. 

Harrington,  Ephraim,  February  21,  1883. 

Civil  Engineer, 
Chief  Engineer's  Ofifice,  Tol.,  Cin.  &  St.  Louis  R.  R. 
Toledo,  Ohio. 

Harris,  Charles,  April  17,  1878. 

Agent  of  Barber  Asphalt  Paving  Co.,  of  Washington,  D.  C. 

loi  Milk  St.,  Boston,  Mass. 

Hart,  Frank  S.,  May  19,  1886. 

Assistant  Engineer,   Proprietors  of  the    Locks   and    Canals    on 

Merrimack  River,  Lowell. 

Lowell,  Mass. 
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Haskell,  John  C,  April  i8,  1877. 

City  Engineer,  Lynn, 

City    Hall,    Lynn,    Mass. 

Herschel,  Clemens,  June  8,  1874. 

Hydraulic  Engineer,   Holyoke  Water  Power  Co., 

Holyoke,  Mass. 

Hodgdon,   Frank  W.,  April  19,  1882. 

Assistant  Engineer,  Massachusetts  Harbor  and  Land  Commission, 

Commonwealth  Building,  65  Bowdoin  St.  Boston,  Mass. 

Holbrook,   F.  W.  D.,  October  2,  1874. 

Superintendent  Yellowstone  Division,   N.  P.  R.  R. 

Glendive,  Montana. 

Howe,  Edward  W.,  June  8,  1874. 

Assistant  Engineer,  City  Engineer's  Office,  Boston, 

City  Hall,  Boston,  Mass., 

Howland,  Albert  H.,  June  8,  1874. 

Civil  Engineer, 
12  West  St.,  Room  20,  Boston,  Mass. 

How^land,  Arthur  H.,  January  21,  1885. 

Civil  and  Hydraulic  Engineer, 

United  States  Hotel,  Boston,  Mass. 

Hunking,  Arthur  W.,  May  20,  1885. 

Civil  and  Hydraulic  Engineer, 

Proprietors  of  the  Locks  and  Canals  on  Merrimack  River. 

Lowell,  Mass. 

Jackson,   William,  June  8,  1874, 

City  Engineer,  Boston, 

City  Hall,  Boston,  Mass. 

Jameson,  Charles  D.,  May  19,  1886. 

Instructor  in  Civil  Engineering,  Massachusetts  Institute  of 
Technology, 
Boston,  Mass. 

Johnson,  James  W.,  May  21,  1884. 

Civil  Engineer, 
Riverside,  California. 
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Johnson,   Daniel   H.,  January  21,  1880. 

Hydraulic   Engineer, 

86  and  88  Liberty  St.,  New  York,  N.  Y. 

Jones,  J.  Edwin,  November  19,  1879. 

Civil  Engineer  and  Surveyor, 

Jamaica  Plain,  Mass. 

Keith,  Herbert  C,  January  20,  1886. 

Assistant  Engineer  N.  Y.  &  N.  E.  R.R., 

224  Federal  St.,  Boston,  Mass. 

Kettell,    Charles   W.,  June  8,  1874. 

Draughtsman,  with  George  F.  Blake  Manufacturing  Co.,  Boston, 

39  Chestnut  St.,  Charlestown,  Mass. 

Kidd,  Alexander  L.,  January  21,  1885. 

First  Assistant  Engineer,  Sewer  Department,  Boston, 

City  Hall,  Boston,  Mass. 

Kimball,    George   A.,  April  28,  1875. 

City  Engineer,  Somerville, 

City    Hall,    Somerville,    Mass. 

Knapp,   Frederick    B.,  April  21,  1886. 

Superintendent  of  Buildings  and  Instructor  in   Engineering  De- 
partment, Harvard  University,  14  Sumner  St., 
Cambridge,  Mass. 

Lanza,  Gaetano,  February  15,  1882. 

Professor  of  Theoretical  and  Applied  Mechanics, 

Mass.  Institute  of  Technology, 

Boston,  Mass. 

Learned,  Wilbur   F.,  June  8,  1874. 

Assistant  Engineer,  Boston  Water  Works, 

Watertown,  Mass. 

Leavitt,  E.   D.,  Jr.,  January  21,  1880, 

Mechanical  and  Consulting  Engineer, 
604  Main  St.,   Cambridgeport,  Mass. 

Libbey,  Forrest  L.,  November  18,  1885. 

City  Engineer's  Office, 

Boston,  Mass. 


Locke,  Augustus  W.,  October  i8,  1882. 

Manager  Troy  &  Greenfield  R.  R.  and  Hoosac  Tunnel, 

North  Adams,  Mass. 

Manley,  Henry,  June  8,  1874, 

Assistant  Engineer,  City  Engineer's  Office,  Boston, 

City  Hall,  Boston,  Mass. 

Marble,  Arthur  D.,  December  ig,  1883. 

Acting  City  Engineer,  Lawrence, 
City  Hall,  Lawrence,  Mass. 

Mason,  James  D.,  March  24,  1875. 

Assistant  Engineer,  Topeka,  Salma  &:  Western  R.  R., 

Cor.  6th  and  Tyler  Sts.,  Topeka,  Kan. 

McClintock,  William  E.,  December  15,  1880. 

City  Engineer,  Chelsea, 

City  Hall,  Chelsea,  Mass. 

Miner,   Franklin  M.,  April  20,  18^1. 

Surveyor's  Office,  City  Hall,  Boston,  Mass, 

Minot,  Samuel  L.,  March  17,  1886. 

7  Exchange  PL,  Boston,  Mass. 

Mitchell,  Henry,  June  8,  1874. 

Coast  and  Geodetic  Survey  and  Mississippi  River  Commission, 

Coast  Survey  Office,  Washington,  D.  C. 

Mudge,  Benjamin  C,  May  19,  1886. 

New  England  Sales  Agent  for  Henry  R.  Worthington  Pump  Co., 

Room  3,  70  Kilby  St.,  Boston,  Mass.  , 

Nelson,  George  A.,  April  21,  1886. 

Assistant  in  City  Engineer's  Office,  Lowell, 

City  Hall,  Lowell,  Mass. 

Nichols,  William  Ripley,  May  15,  1878. 

Professor  of  General  Chemistry,  Mass.  Institute  of  Technology, 

Mass.  Institute  of  Technology,   Boston,  Mass. 

Nott,   Samuel,  July  3,  1848. 

Civil  Engineer, 
212  High  St.,  Hartford,  Conn. 
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Noyes,  Albert  F.,  June  i8,  1879. 

City  Engineer,  Newton, 

City  Hall,  West  Newton,  Mass. 

Oliver,  M.  W.,  June  8,  1874. 

Civil  and  Mechanical  Engineer, 

I  Bradford  St.,   Lawrence,    Mass. 

Palfrey,   Hersey  G.,  December  16,  1885. 

Insurance  Agent, 
Care  of  W.  S.  Goodell  &  Son,   Haverhill,  Mass. 

Parker,   Charles  H.,  December  16,  1885. 

Mechanical  Engineer,  Charles  River  Iron  Works,  Cambridgeport, 

302  Harvard  St.,  Cambridgeport,  Mass. 

Parsons,  Charles  S.,  April  21.  1880. 

Chief  Clerk,  City  Engineer's  Department,  Boston, 

City  Hall,  Boston,  Mass. 

Perkins,  Seth,  April  16,  1884. 

Assistant  Engineer,  Boston  Park  Department  and   Boston  Water 

Works, 
74  Tremont  St.,  Boston,  Mass. 

Philbrick,  Edward  S.,  June  8,  1874. 

Consulting  Engineer, 

12  West  St.,  Boston,  Mass. 

Phillips,   Henry  A.,  November  19,  1884. 

Division  Supt.,  Boston,  Barre  &  Gardner  Div.,  Fitchburg  R.R., 

Worcester,  Mass. 

Phinney,  H.  W.  B.,  October  15,  1879. 

Resident  Engineer,  Suburban  Rapid  Transit  R.R., 

622  East  141st  St.,  New  York,  N.  Y. 

Pierce,  William  T.,  November  18,  1885. 

Assistant  Engineer,  office  of  E.  W.  Bowditch,  60  Devonshire  St., 

Boston, 
Watertown,   Mass. 

Porter,  Dwight,  November  18,  1885. 

Instructor  in   Civil   Engineering,  Mass.  Institute  of  Technology, 

Boston,  Mass. 
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Putnam,  Charles  E.,  March  i8,  1885. 

Transitman,  Boston  Main  Drainage  Works, 

74  Tremont  St.,  Boston,  Mass. 

Quimby,  Ralph  A.,  February  18,  1885. 

Draughtsman,    Sewer  Department,  Boston, 

City  Hall,  Boston,  Mass. 

Rice,  George  S.,  June  8,  1874. 

Superintendent  Pelican  and  Dives  Mining  Co., 

Georgetown,  Col. 

Rice,  L.   Frederick,  June  8,  1874. 

Architect  and  Civil  Engineer, 

4  Pemberton  Sq.,  Boston,  Mass. 

Sampson,  George  T.,  March  20,  1S78. 

Principal  Assistant  Engineer  N.  Y.  &  N.  E.  R.R., 

224  Federal  St.,  Boston,  Mass. 

Saville,  George  G.,  September  21,  1881. 

With  the  Fames  Vacuum  Brake  Co., 

123  Oliver  St.,  Boston,  Mass. 

Sawyer,    Edward,  June  8,  1874. 

Civil  Engineer, 
60  Congress  St.,  Boston,  Mass. 

Sewall,  James  W.,  December  17,  1884. 

Firm  of  J.  W.  &  T.  Sewall,  Civil  Engineers, 

Old  Town,  Maine. 

Shaw,   Edward  S.,  February  16,  1881. 

Bridge  and  Consulting  Engineer, 

5  Pemberton   Sq.,  Boston,  Mass. 

Shepard,   Walter,  June  8,  1874. 

Assistant  Engineer  B.  &  A.  R.R,,  Boston. 

Arion  St.,  Dorchester,  Mass. 

Sherburne,  Fred.  B.,  March  17,  1886. 

City  Engineer's  Office, 

Boston,  Mass. 

Shirreffs,  Reuben,  December  18,  1878. 

Stewart,  Shirreffs  &  Co.,  Civil  and  Contracting  Engineers, 

Richmond,  Va. 
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Smilie,  Edward  S.,  April  i8,  1883. 

Civil  Engineer  and  Surveyor, 

Newton,  Mass. 

Smith,  Melvin  B.,  May  19,  1886. 

Civil  Engineer  and  Surveyor, 

26  Hildreth  Building,  Lowell,  Mass. 

Smith,   Sidney,  June  17,  1885, 

Assistant  Engineer,  Boston  Water  Water  Works, 

36  White  St.,  East  Boston,  Mass. 

Spalding,  Frederic  P.,  June  17,  1885. 

City  Engineer's  Office, 

51  City  Hall,  Boston,  Mass. 

Stearns,  Frederic  P.,  November  15,  1882. 

Executive  Engineer,  Boston  Main  Drainage  Works, 

74  Tremont  St.,  Room    11,  Boston,  Mass. 

Stearns,  W.  H.,  January  20,  1886. 

Assistant  Road  Master,  Division  No.  2.  B.  &  A.  R.  R., 

West  Brookfield,  Mass. 

Story,  Isaac  M.,  February  15,  1882, 

With  Keene  Granite  Co., 

19  Exchange  PL,  Boston,  Mass. 

Swain,   George  F.,  January  18,  1882. 

Assistant  Professor  of  Civil  Engineering, 

Mass.  Institute  of  Technology, 

Boston,  Mass. 

Swan,  Charles  H.,  May  17,  1882. 

Hydraulic  and   Sanitary   Engineer, 

25  Wabon  St.,  Roxbury,  Mass. 

Tidd,  Marshall  M.,  October  15,  1884. 

Civil  and  Hydraulic  Engmeer, 

10  Tremont  St.,    Boston,   Mass. 

Tinkham,   S.  Everett,  September  15,  1878. 

Civil  Engineer, 
City  Hall,    Boston,  Mass. 

Tilden,  James  A.,  March  17,  1886. 

Engineer  and  Designer  with   Hersey  Brothers,  South  Boston., 

Care  of  Hersey  Brothers,    South  Boston,  Mass. 
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Tompson,  George  M.,  May  19,  1886. 

Chief  Engineer  Boston  &  Lowell  Railroad, 

Room  13,  Boston  (S:   Lowell  Depot,  Boston,  Mass. 

Tucker,   Frank  C,  June  18,  1874. 

Resident  Engineer  Burlington  &  Missouri  River  R.  R. 

Broken  Bow,  Custer  Co.,  Nebraska. 

Turner,   E.   K.,  June  18,  1874. 

Chief  Engineer  Fitchburg  R.  R. 

Fitchburg,  Mass. 

Vose,  George  L.,  November  16,  1881. 

Brookline,  Mass. 

"Wales,   Frederick  N.,  December  19,  1883. 

Draughtsman  and  Assistant  Engineer, 

Massachusetts    Board    of   Harbor   and    Land    Commissioners, 

Commonwealth  Building,  65  Bowdoin  St.,  Boston,  Mass. 

Walling,   H.  F.,  May  21,  1884. 

Topographer,  United  States  Geological  Survey, 

2  Pemberton  Sq.,  Room  19,  Boston,  Mass. 

"Watson,  "William,  January  17,  1877. 

Secretary  of  the  American  Academy  of  Arts  and  Sciences. 

107  Marlborough  St.,  Boston,  Mass. 

"Whitaker,  Channing,  October  20,  1875. 

Consulting  Engineer,  Specialties,  Mill  and  Steam  Engineering, 

24  and  25  Post  Ofifice  Building,  Lowell,  Mass. 

"Whitney,  Frank  O.,  January  15,  1879. 

City  Hall,  Boston,  Mass. 

Whittaker,  William,  October  18,  1876. 

Contractor, 
163  Cambridge  St.,  Worcester,  Mass. 

Wight,  W.  Wendell,  April  15,  1885. 

Civil  Engineer, 
Natick,  Mass. 

Wilkes,  C.  M.,  March  19,  1884. 

Civil  Engineer, 
5  Bulfinch  PI.,  Boston,  Mass. 
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Winslow,  Frederic  I.,  June  17,  1885. 

City  Engineer's  Office, 

City    Hall,    Boston,    Mass. 

W^ood,  Henry  G.,  June  8,  1874. 

Shoe  Manufacturer,  Firm  of  J.  O.  Wilson  &  Co., 

Natick,  Mass. 

Woods,  Henry  D.,  April  15,  1885. 

Civil  Engineer, 
69  Mt.  Vernon  St.,  Boston,  Mass. 

Woodward,  R.  E.,  January  15,  1879. 

Civil  Engineer, 
17  Mossland  St.,  Somerville,  Mass. 

^A^orcester,  John,  June  17,  1885, 

Civil  Engineer, 
Waltham,    Mass. 

Young,  Thomas  J.,  March  21,  1883. 

Superintendent  of  Sewers,  Boston, 

City  Hall,  Boston,  Mass. 
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